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SUMMARY 
Psephenid larvae (watorpennies) are well known members of the 
freshwater benthos, possessing a characteristic dorso-ventrally flat-
tened shield. They are found clinging to rocks in rivers and streams 
that experience fast and turbulent flow regimes for at least part of 
the year. However, despite the fact that they occur in many of the 
11: 
rivers and streams of eastern Australia, and th,Pughout Tasmania, very 
little study hns been made of the family here. 
Sclerocyphon is the only Australian genus of the Psephenidae. 
A brief review of the history of the Psephenidae, wit:h particular emphasis 
on this genus and the subfamily encompassing it, the Eubriinae, is given. 
Sc.Zex:ocyphon comprises 12 species, six of which are described as 
new. Descriptions of six larval types representing discrete species 
but~ not, as yet, associated with adults, are also given. Re-descriptions 
of the g<mus and all previously described species are included as earlier 
workers possessed only limi t~ed material and features now considered to 
be of taxonomic importance, in particular, the male and female genitalia, 
were not described. Keys for the identification of both adults and 
larvae are given. 
A ma:jor emphasis of the taxonomic study was on the association of 
adults and larvae and this was achieved mainly by laborat.ory breeding. 
Larvae are the dominant life history phase and fairly c~ommon while adults 
arc much rarer. 
'l'he relative apomorphy or plesiomorphy of a number of larval char-
act.crs .s discus::>ed and a phylogene-tic classification of Sclerocyphon, 
based on larval characters, is proposed. Hinton's (1966) view of the 
Eubriinae as a subfamily (encompassing Sclerocyphon) of the Psephenidae, 
rather than Bertrand's (1972) concept of the Eubriinae as a separate fam-
ily, is supported. 
The dist.ribution of each species and larval type is dE:scribed 
and discussed with respect to present and some past environments in 
Australia. The complete endemism of the Tasmanian species of Sclera-
vi 
cyphon is considered to be a reflection of the low vagility of the genus 
and appears to be best explained by the vicariance model of hist.orical 
biogeography. 
A Gondwanaland origin of Sclerocypho.n is suggested as it (or its 
nearest relative) occurs in Chile, as well as Australia, but nowhere 
else in the world. This disjunct. southern distribution in a genus 
with low vagility is considered to be best explained by the vicariance 
of an ancestral Gondwanaland fauna. 
Multivariate statistical techniques were used to investigate the 
shape of larvae of the 'l'asmanian species of Sclerocyphon. 1'he most 
cornrnon 'I'asmanian species, S. secretus, was found to be the most variable, 
exhibiting a west-east trend in larval shape. Variation in larval shape 
was continuous wi·th the widest, almost circular forms occurring on the 
west coast and the narrowest,most elongate forms on the east coast. 
Larval shape. was found to be correlated with rainfall distribution, sub-
strate and stream order. Contrary to expectations the narrowest, most 
elongate larvae were found to occur in streams of low mean velocity while 
wider forms occurred in streams of higher velocity. 
ations for this paradox are given. 
'I'hree possible explan-
'rhe second river and stream dwelling species in Tasmania, S. aquat-
icus 1 was found to be less variable in 
antly wide and almost circular in form. 
with larvae being predomin~ 
'I'he occurrence, and therefore 
the shape, of S. aquaticus larvae was found to be highly correlated 
with high stream order. 
Flow visualisation techniques were used to investigate the hydro-
dynamics of larval Sclerocyphon. Dye trails revealed that all larvae 
are streamlined and inhabit a region of reduced flow immediately adjacent 
to t.he substrate known as the laminar, or viscous, sublayer. The 
viscous sublayer exists within a thicker region of reduced flow assoc~ 
iated with the substrate, the boundary layer, which, under most stream 
conditions, is turbulent. 
Drag forces upon the larva are minimal while it remains within 
the viscous sublayer however respiratory exchange across this 
vii 
is limited to ·the slow rate of molecular diffusion. Larval Sclerocyphon 
overcome the cons.traints of this situation by creating their own res-
piratory current with a pair of anal, retractible, tracheal gills. 
During ventilation actively pumping gills create a turbulent area at ·the 
rear of the body which greatly enhances respiratory processes and waste 
removal. The gills also act as vortex generators, decreasing drag 
forces by controlling the larva 1 s wake. 
At high Reynolds number the thickness of the sublayer is reduced 
and larvae appear to employ a method of boundary layer control known, 
in fluid mechanics theory, as suction. The spaces between the lateral 
laminae act as slots through which a small amount of boundary layer fluid 
passes, creat.ing a thinner but. more stable boundary aver the larva.. 
This delays separation and therefore decreases the likelihood of the 
larva being swept off the substrate. For larvae of the Psepheninae and 
Eubrianacinae, which possess passive ventral tracheal gills, suction 
through slots between the lateral laminae may be the only means of main--
taining adequate water: flow over the gills. 
Streamlining and associated boundary layer control allow larvae to 
move across substra·tes in high energy flows and to exploit the food 
sources there that are unavailable to other benthic invertebrates not 
possessing these hydrodynamic advantages. 
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PART ONE 
CHAPTER ONE 
GENERAL INTRODUCTION 
2 
The Psephenidae are a small coleopteran family of cosmopQJ.itan 
distribution occurring in Europe, North and South America, Africa, 
India, Asia and Australia. Their importance, in terms of species 
numbers, is relatively low as fewer than 100 species had been des-
cribed by 1966 (Hinton, 1966) and only a very small number have been 
described since. However, the larvae (so-called waterpennies) which 
are found clinging to rocks in rivers and streams, are well-known mem-
bers of the aquatic benthic invertebrate fauna. The dorso-ventrally 
flattened larvae are, in fact, a striking example of an aquatic insect 
form that has evolved extreme morphological adaptations to life in the 
lotic environment. 
Despite their distinctive form the larvae are frequently rnistaken 
for other animals, as illustrated by DeKay's description of two psephenid 
larvae as two new species of crustacean (DeKay, 1844 cited by Bertrand, 
1939). The marked lack of association between the aquatic larvae and 
the terrestrial pupae and adults, combined with the inconspicuous habit 
of the latter two stages has resulted in a dearth of information on the 
l'3ystematics · and biology of the family. The history of the classific-
a tion of the , with particular emphasis on the only Australian 
qenus, Sclerocyphon, is given in Chapter 2. 
The present taxonomic study of the Australian Psephenidae (Chapter 
3) has evolved from a similar but much smaller study undertaken by Uu'" 
author as part of an Honours project (Davis, 1975). This early study 
was initiated partly in response to Britton's (1970, p.562) comments 
upon the state of knowledge of the Australian Psephenidae, 
"Psephenid larvae are common in mountain streams in 
south eastern Australia but have not been assoc-
and 
iated with adults •.. " 
" ... no Australian spl~cies of Psephenidae have been 
described as such but Sclerocypllon maculatus Blackb. 
which was described as a helodid, is, in fact a 
psephenid." 
These remarks highlighted the need for research on the family and, 1n 
particular, for a syste.matic study with major emphasis on the association 
of adults with larvae. The subsequent discovery of descriptions of 
seven of Sclerocyphon for six of which larvae were not known 
(Blackburn, 1892; r ... ea 1 1895, 1919; Carter, 1935) and 13 larval types 
for which adults \vere not known (Bertrand and Watts, 1965; Bertrand, 
1969) further indicated the need to make such associations. 
The earlier study (Davis, 1975) had been limited to a study of 
the taxonomy, Life history and ecology of only two Tasmanian species of 
Sclerocyphon. However, a continuation of that study, encompassing a 
much larger number of Australian species, is presented here. 
Traditionally, systematic entomology has been devoted to the 
description and classification of adults. Wiggins (1964) suggests that 
such an emphasis has been particularly detrimental to ecological studies 
in freshwater because a very large proport.ion of aquatic benthic conunun-
ities consist of the immature st:ages of aquatic insects. The revision 
of Sc.Ierocyphon presented here with its emphasis on larval taxonomy 
represents a partial remedy to this situation and should contribute to 
future ecological studies of Australian running waters. 
Taxonomy alone, however, is not the sole objective of this study. 
Mayr (1969) notes that 
" ... the making of a classification is not t.he end 
of the taxonornist 1 s concern ..• " 
and the t:.axonomic study described in Chapter 3 has acted as bo·th the 
foundation of, and catalyst for, research into a number of other aspects 
of psephenid biology. 
The proposed phylogenetic classification (Chapter 3) together 
with information on ·the distributions of the various species 
the basis for the biogeographical study of the genus described in 
Chapter 4. 
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'I'he earlier taxonomic study (Davis, 1975) also revealed the exist~ 
ence of consid~~rable differences in larval shape, particularly between 
different populations within the Tasmanian species, S. secretus. A 
multivariate statistical analysis (described in Chapter 5) has been 
undertaken in an attempt to reveal the nature of variation and to define 
·the possible influence of environmental factors on the expression of 
larval shape. 
Murvosh' s (1971) autecological study of the North American water·-
penny, Psephenus herricki, firmly established this species, and possibly 
all psephenid larvae 1 as inhabit.ants of the riffle zones of streams and 
rivers. Although a number of organisms live in zones, and s.:Lm·~ 
ilar habitats, where the flow of water is a dominant factor, very few 
studies have invest.igated the effects of water velocity on animals at 
the si:.z..e of an insect larva. The study of the interaction between 
organisms and their environment is the major of ecology and t.hese 
intE::ractions include the interplay between physica.l factors and morph-
ology (Wainwright et al., 1976). This, together with Hynes' (1970) 
suggestion that the flattened form of psephenid larvae enables them 
to live in the relatively slow moving boundary layer region around 
stones, inspired the study of the interaction between larval morphology 
and the benthic boundary layer described in Chapter 6. 
This study of the hydrodynamics of psephenid larvae 
an attempt to explain observed biological phenomena in the light of the 
and principles of fluid mechanics. It has become evident 
that f1uid mechanics theory provides a valid framework in which to 
examine the adaptations of aquatic invertebrates. On the othE;'r 
hand, examination of the form of an aquatic organism which has evolved 
in an environment. in which water flow is a major selective factor may 
also be a means of exploring further aspects of fluid flow of interest 
to the student of fluid mechanics. · 
The overall aim of the studies described in this thesis was to 
contribute, if only in a small way, to the knowledge and understanding 
of freshwater ecosysb:!ms in Australia. Freshwater is a vit:al and 
much used resource in Australia and Watson (1981) suggests that, 
" .•. if any rational decisions are to be made on 
the future of Australian freshwater and the 
organisms they support, we urgently need more 
data on the organisms themselves." 
Data on one of these organisms, Sclerocyphon, is presented here and 
hopefully provides a contribution towards the information that is 
5 
needed for the rational management and ultimate preservation of Australian 
:running waters. 
CHAPTER TWO 
HISTORICAL REVIEW OF THE PSEPHENIDAE 
with particular emphasis on the Australian 
genus, sclerocyphon, in the subfamily Eubriinae. 
Before any discussion of the psephenid genus (Sc.Ierocyphon) 
studied here can take place it is necessary to review the historical 
treatment of the Psepherlidae. Such a review must also encompass the 
superfamilies with which the Psephenidae have been associated because, 
although at the present time the Psephenidae are included within the 
Dryopoidea, some subfamilies and genera have previously been included 
in the Dascilloidea. 
Holland (1972) noted that up to the present decadt:~ there has been 
considerable confusion and disagreement in the literature about system,-
atics within the Dryopoidea. Initial confusion appears to have arisen 
from the fact that early classifications of the Psephenidae and assoc~ 
iatt~d groups were based only on a knowledge of adult characters 
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According to Boving (1929), Leng (1920) in his Catalogue o.f North 
Amer.ican Coleoptera recognised two series or superfamilies, the Dryopoid.c1a 
and the Dascilloidea. The Dryopoidea contained the five families 
Psephenidae, Dryopidae, Helmidae, Heteroceridae, and Georyssidae. 
'l'he Dascilloidea contained the three families Dascillidae, Helodidae, 
and Chelonariidae. Leng based his classification only on adult charact-
ers but stated that some of the genera of the Dascillidae may hav(~ to be 
removed to other families once their larvae were known. 
After examination of larvae of the Dryopoidea and Dascilloidea, 
Boving (1929) found that a relationship existed between the two groups 
which indicated a need for reorganisa·tion, as surmised by Leng, Boving 
(1929) examined the larvae of the dryopoid Psephenus lecontei .(LeConte) 
Psephenus herricki (DeKay)) and the dasc.illoid Eub.r.ianax edwardsi 
LeConte and found only minor differences be·tween them, He therefore 
suggestc;d that they should be included in one family, the Psephenidae, 
within the Dryopoidea. He also noted that the larvae of the above 
two species were similar to the larvae of Psepheno.ides gahan.i 
Champion and Helichus sp., both of which belong to genera of the 
Dryopidae. 
Boving and Craighead (1931) summarised the affinities of the 
genera which had been placed in the series Dryopoidea and Dascilloidea 
by Leng (1920) and on the basis of larval characters redefined the 
two series. They assigned the Chelonariidae, Lariidae, Ptilodactyl.idae, 
Dryopidae and Psephenidae to the Dryopoidea and the Heteroceridae, 
Dascillidae, Nosodendridae and Helodidae to the Dascilloidea. Although 
the newly defined series were no longer exactly comparable with the 
former ones they considered that the retention of the old names was 
desirable. 
The Dryopoidea and the Dascilloidea have been retained as super-
families by many workers, including Bues et al. (1954) , Crowson (1955) , 
Britton (1970) and Borror am:l DeLong (1970) • 'I'hey all include the 
Psephenidae, Dryopidae and Helminthidae in the Dryopoidea and the Das-
cillidae and Helodidae in the Dascilloidea. However 1 there is no such 
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agreement on the placement of other families within the two superfamilies. 
2.2 The S~a~~s of Subfamilies in the Psephenidae. 
Much debate has taken place on the status of the subfamilies 
included within the Psephenidae, in particular, on the Eubriinae (the 
subfamily encompassing Sc.lerocyphon) with some workers (noted below) 
maintaining that it should be recognised as a 
Eubriidae. 
family, the 
The Psephenidae and the Eubriidae were established, on the basis 
of adult characters, by Lacordaire in 1854 and 1857, respectively. (Jeannel 
and Paulian, 1949) . LeConte and. Horn (1883) in The Classification of the 
Coleoptera of North America, recognised the family Parnidae (=Dryopidae) 
as comprising three very distinct subfamilies,.the Parninae, the Psephen-
inae, and the Eliminae. The Psepheninae contained only one genus, Psephenus 
LeConte. wi·thin a second family, the Dascyllidae (= Dascillidae) , 
t.hey included two subfamilies, the Dascyllinae and the Helodinae. 
The latter was composed of five tribes, of which one was the Eubriini, 
containing the four genera, Eubria Latreille, Ectopria LeConte, 
Dicranoselaphus Guerain and Acneus Horn. 
Pic (1914) in the Catalogus Coleopterum gave the two subfamilies, 
Dascillinae and Helodinae, familial status and divided the Helodi.dae 
into four subfamilies, one being the Eubriinae (Bertrand and Wat.ts, 
1.965) . 
Boving and Craighead (1931) recognised the family Psephenidae 
and, as noted above, included both Psephenus lecontei, of the subfamily 
Psephen:Lnae, and Eub.d.anax edwaTds.i, of the subfamily Eubrianacinae, 
within it, on the basis of larval characters. Hinton (1939), on the 
basis of a combination of adult and larval characters, extended the 
family Psephenidae to include a t.hird subfamily, the Psephenoidinae. 
'rhe genus Psephenoides Gahan had previously been placed by Gahan (1914) q 
on the basis of adult characters, in JJeConte and Horn's (1883) dascillid 
group, t.he Eubri.ini. Later, Boving (1929) assigned it to the Dryopidae 
on the basis of larval characters. 
Following observations made by Bertrand (1939) on the life history 
of Eubr.ia palustris Germar, Hinton (1955) incorporated a fourth sub-
family, the Eubriinae, within the Psephenidae, once again on the basis 
of larval characters. Hinton (1955) noted that prior to the publication 
of Bert~rand' s (1939) observations, ·the larvae had been assigned to the 
Dryopi.dae, as Kellicott (1883) had described a larva of the Eubrii.nae 
as a species of the dryopid genus Helichus. 
'I'he first description of t:he larvae of the Psepheninae and the 
Eubriinae appear to have been given by DeKay in 1844 (Kellicott 1883, 
Bertrand 1939) . DeKay (1844) described two new crus·tacean species 
F'J.mdcol.a heT.ricki and Fluvicola tuberculata. LeConte (1850) realised 
9 
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that these two were actually insect larvae and redescribed 
the former as Eurypalpus lecontei. Kellicott (1883) re-named it 
Psephenus lecontei (LeConte) • Bertrand (1939) recognised Fluvico.Ia 
t:uberculata as a member of the Eubriinae. Hinton (1955) realised that 
the two genera, Helicb.us and Pelonomus, previously placed in the Dryopidae, 
had been mis·-identifierl and were, in fact, members of the Eubriinae, 
within the family Psephenidae. 
As well as Hinton (1955), Crowson (1955) noted that on both larval 
and adult characters the genus Eubria and associated genera should belong 
to the Psephenidae. ·rhis interpretation has been followed by Britton 
(1970) and Brown (1976) who recognise the subfamily Eubriinae within 
the Psephenidae. However, other workers do not accept these views. 
Bradley (1947) , Jeannel and Paulian (1949) , Bertrand (1956) and Bertrand 
and Watts (1965) all recognise the Eubriinae as a separate family, the 
Eubriidae, and include it within the Dascilloidea. Bertrand (1972) 
the Eubriidae, the Psephenidae and the Psephf:~noidinae as 
families and includes the Eubrianacinae as a subfamily in the 
Dascillidae. 
From t.he discussion given above it can be seen that the status 
of the subfamily under consideration in ·this study, the Eubriinae, is 
still very much the subject of debate. In the present study$ Hinton's 
(1955) classification of the Psephenidae as a family within the Dryopoidea, 
containing the four subfamilies, Psepheninae t Eubrianacinae, Psephenoid-· 
inae and Eubriinae, will be followed. The reasons for following this 
classification rather than Bertrand's (1972) classifica·tion of the 
Eubriidae as a family are discussed in Chapter 3. 
2.3 
The Eubrianacinae and Psephenoidinae are the smallest subfamilies 
within the Psephenidae. 'l'he Eubranacinae contains only the g(;~nus 
Eub.rianax K:iesenweter while the Psephenoidinae contains t.wo qem~ra 
Psepheno.ides Gahan and Afropsephenoides Basilwesky. 
'I'he Psepheninae contains five genera, Psephenus Haldeman, 
Mataeopseph....., us Wat.erhouse, Psephenops Grouvelle, Xe'>'!anchorinus 
Grouvelle, and 'rychespseph..._,us Waterhouse. The latter three genera 
are little known, probably because ·they occur in the relatively unworked 
regions of South America. Further work on ·these three genera is needed 
for their true status within the Psephenidae to be determined. 
The Eubriinae is the largest subfamily within the Psephenidae 
and contains the following eight generai Acneus Horn, Afroeubr.ia 
Bertrand, A.Iabameubria Brown, Di.cranoselaphus Guera:i.n, Ectopria LeConte, 
Bub.t'ia Latreille, Sclerocyphon Blackburn, and Pe..lonomus Boving and 
head. A n\nnber of undescribed genera of the Eubri:i.nae have also been 
recorded by Bertrand (1972) . 
The world distributions of these genera, in the four subfamilies, 
are illustrated and discussed in Chapter 4. 
2.4 
In Australia the Psephenidae are represented only by the genus 
Sc.Ierocyphon. Blackburn (1892) est:ablished the genus on a single small 
beetle found in the Vic·torian "alpine district". He named the specimen 
Sc.Ic~rocyphon maculatus and assigned the new genus to the Malacodermidae, 
noting the resemblance of the type specimen to members of the helodid 
genus Cyphon. Pic (1914) included the genus Sclerocyphon within the 
Helodidae (Bertrand and Watts, 1965). Crowson (1955) removed Sc.Iero-
cyphon from t.he Helodida.e (superfamily Dascilloidea) and placed :i:t in 
the subfamily Eubriinae (family Psephenidae; superfamily Dryopoidea). 
ll 
According to Bertrand and Watts (1965) the occurrence of the 
Psephenidae in Australia was first recognised by Pic (1914) who described 
E:ctopria mul t.inotata and its variety, E. mu.I t.inotata var. robusta from 
1.2 
Australia (locality unknown) • The types of these species are held 
in the Pic Collection at Oxford. Bertrand and Watts (1965) noted 
that, an examination of these specimens by an Australian entomol-
' Mr. J. Armstrong, revealed that they are actually Sclerocyphon 
maculatus Blackburn. 
A checklist of the of Sc.lerocyphon described prior to t.he 
study is given in Table 2.1. All the listed were des-
cribed only on a knowledge of the adults, the and larval 
apparen·tly being unknown. However Carter (1935) noted that a single 
specimen of s. irregularis • maculatus) was found in association with 
its and larval cases. He provided an illustration of the adult 
wit:h its pupal and larval exuviae but did not describe the exuviae. 
He noted the similarity of the larva to the larvae of the Dryopidae. 
Hinton (1955) illustrated a larva and pupa of an unknown species 
of the Eubriinae from Tasmania and furnished det:ails of the respira·tory 
of both. 
Bertrand and Watts (1965) published the first review of the larvae 
of 
Eubriidae. 
and stated that Sclerocyphon was a member of the family 
They gave the first description of a larva and pupa of 
Sc1erocyphon by describing the larval and pupal states of both 8. mac-
ulatus and a new species s. fuscus Armstrong, in litteris 
(herein considered a nomen nudum) • They also described larvae of five 
different thought to previously unrecorded species. 
'l'he larvae of one such type were linked with S. virtue of 
the fact that the larvae had been collected from the same Tasmanian 
localities as those from which adults of S. aquaticus had been recorded. 
Hinton (1966) discussed respiratory adaptations of the pupae of 
S. maaulatus and S. .fuscus nudum). 
Bertrand (1969) described the larvae of a further eight types, 
thought to represent unrecorded of 8cleroayphon, fx:orn an 
examination of specimens collected in Ausi:ralia in 1966, by Professor 
,J. Illi.es. 
No further information on Sc.Ierocyphon appears t:o have been 
recorded since 1969. 
"l'ABLE 2.1 Checkli.s·t of the Australian Psepheni.dae 
Type Species 
Sclerocyphon maculatus Blackburn, 1892 (Type) •.. alpine dis·trict, Victoria. 
synonyms: 
Ectopri.a multinotata Pic, 1914, E'. mult.inotata var. robusta Pic, 1914 
... locali·ty unknown. 
Sc.lerocyphon irregularis Carter, 1935 ....••..........••...•... Belgrave and 
Warburton, Victoria. Darrigo, New South Wales. NEW SYNONYMY 
s. striatus Lea, 1895 .................•...••..... 'I'amworth, New South Wales. 
S. serratus Lea, 1895 .•..........•............... Tamworth, New South Wales. 
S. basicollis Lea, 1895 ..•.....•...•...........• .'ramworth, New South Wales. 
S. aquaticus Carter, 1919 .........•..........•........•.. Waratah, Tasmania. 
S. col.laris (Fabricius), 1775 , ...•................•...•... "nova Hollandia". 
synonyms: 
'l'ritoma collaris Fabricius, 1775 .......................... "nova Ho11andia". 
Scl.erocyphon bico.Ior Carter, 1935 ....•......... Kuranda and Endeavour River, 
Queensland. 
CHAPTER THREE 
TAXONOMY 
Sclerocyphon lacustris sp.n. 
3.1 Introduction 
A clear need exists for a study of the systematics of the 
* Psephenidae in Australia .. Although the adults of seven species of 
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Sclerocyphon (the sole Australian genus) have been described (Chapter 2) , 
the larvae of only one of these species; Sclerocyphon maculatus, is 
known. Furthermore, Bertrand and Watts (1965) and Bertrand (1969) 
have described a total of thirteen larval types which they are not able 
to associate with adults. 
Difficulties in associating adults and larvae are at leas·t partly 
due to the different habitat requirements of the life phases; the adults 
are terrestrial while the larvae are aquatic. Larvae are also more 
common, being present in rivers and streams throughout the year. 
•.rhe adults are much less often collected as they live for only a few 
weeks during the summer. 
The emphasis of this study has been on associating larvae with 
adults and this has been achieved, for a number of species, mainly by 
rearing larvae to adulthood in the laboratory (Section 3.2). 
Re-descr.iptions of all previously described species (except. 
s. serratus, for which material was not available) are given (Section 
3.4) as earlier workers possessed only limited material, sometimes of 
only one sex, and important features, in particular, the male and 
female genitalia, we:t'e not described. These re-descriptions are given 
b .. cst, in chronological order, followed by the descriptions of new 
, arranged in alphabetical order. 'I'radi tionally insect species 
arc described on the basis of adult features and this convention is 
foll'owed in the present study. However, as the larva is the dominant 
life history phase of Sclerocyphon a detailed description of the larva 
(where known) is also included in both the re-descriptions and the 
--------~--
* publication of an eighth species, s, secretus and additions to the 
description of S. aquaticus (Smith, 1981) carne to hand too late for 
the format of this thesis to be changed. This paper and one other 
cited in this thesis (Smith and Dartnall, 1980) were written by the 
present author under her married name. 
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descriptions of new species. 
Descriptions of six larval representing discrete 
species but, as yet, not associated with adults, are also given 
(Section 3.4) as the information contained within these descriptions 
contributes much to the discussion of phylogeny and zoogeography in 
Sclerocypbon. Brown (1980) has created a precedent, with regard to 
larval types, by describing a new psephenid genus and 
A.labameubria starki, on ·the basis of larval features alone. He did 
this as the larva is very distinctive and the species appears to be 
extremely rare. No adults and only a few larvae were obtained, des-
pite an intensive search, and so the likelihood of obtaining adults in 
the near future was also extremely low. Despite the fact that the 
six larval types of Sclerocyphon, noted above, are also distinctive 
they have not been named as new species as it is likely that adults 
will be obtained in the near future, either by field collection or 
laboratory rearing techniques. It is also probable that some of 
these larval types belong to species in which the adult has already 
been named (Section 3.4). 
3.2 Materials and Methods 
Collection, Rearing in the Laboratory and Sources of Loan Material 
Larvae of Sc .. Ierocyphon were mos·t efficiently collected by direct 
.removal from rocks with fine forceps. They were placed immediately 
into a preservative solution of 70% ethanol and 5% glycerol. Live 
larvae were transferred from the field to the laboratory in stream 
water contained in plastic bags packed in ice. Leaves or twigs were 
included to provide surfaces to which the larvae could cling; rocks, 
which would crush the larvae, were not included. 
Adults were often much more difficult to find because of their 
cryptic behaviour. In contrast to some Australian mainland species, 
Tasmanian Sclerocyphon were not taken at traps. No quick way 
of collecting these beetles was found. The litter, grass, rocks and 
debris of river banks were searched by hand and adults removed with 
fine forceps or an Adults were most commonly found in 
high water leaf packs or amongst riparian grass tussocks. Occasionally 
beetles were seen on the wing and, in all cases, those beetles actually 
landed on the collector, or nearby rocks, and were taken by hand. 
However, the of the riparian vegetation with nets failed to 
capture any beetles. 
Adults were preserved in a solution of 70% ethanol and 5% glycerol 
or pinned and dried. The small size and britth~ nature of dried spec-
imens often resulted in damage during subsequent examinations so in the 
present study the majority of adults were preserved in the ethanol/glycerol 
solution. 
In the present study most of the adults were obtained by rearing 
larvae to adulthood in the laboratory. Two methods were used. Adults 
of the three Tasmanian : S. aquat.icus, S. la.custris sp. n., and 
s. secretus sp.n, 1 were obtained by keeping larvae, from various localit-
ies, in the laboratory under simulated stream conditions. Tanks were 
set up with constantly circulating stream water at 17-18°C and lit for 
14 hours a day. One large tank, designed by Dr. J.L. Hickman, Zoology 
Department, University of Tasmania (Plate 3.1) and six small tanks were 
used. The smaller tanks were all similarly constructed, as illustrated 
in 3.1, with a pool acting as a reservoir at one end, a 
middle sloping section representing a riffle and a shallow pool at the 
other end. Water circulated constantly, entering near the'base of the 
pool and overflowing down the riffle to the shallow pool from where 
it was recirculated by a centrifugal pump. 
the deop pool to ensure adequate aeration. 
An aerator was placed in 
A bank was constructed on 
PLATE 3.1 Large fibreglass tank used to simulate stream conditions 
for the rearing of larvae to adulthood in the laboratory. 
Length of tank; 155 ems. Width of tank; 65 ems. 
<J------- 92cm ---------~> 
48cm 
c 
<r16cm-t> <J-16cm-t> 
FIGURE 3.1 Side view of small fibreglass tank used to simulate stream 
conditions, for the rearing of larvae to adulthood, in the 
laboratory. a =upstream reservoir, b =riffle, c =down-
_ ...._ ___ -- ---------- .! --
each si.de of ·the middle section using rocks, earth and moss and it 
was here that pupation and emergence took From larvae reared 
in these tanks adults were obtained several months earlier than their 
first occurrence in the field. 
The second method used was much simpler and proved particularly 
useful for rearing adults of the Australian mainland Last 
instar larvae of these species were transported to Tasmania in sealed 
Pet:ri dishes {10 em in containing damp moss, or in some, cases, 
damp sponge. Larvae were then transferred to larger containers 
(14 em x 14 <-"'II x 16 em) >vith damp earth, moss and pebbles. Containers 
were sealed, from small air holes, so tha·t the relative humidity 
remained high. Pupation and adult emergence took place within these 
containers. Adults of s. maculatus, s. basicollis, S. striatus, 
S. armstrongi sp.n. and s. zwick.i sp.n. were successfully obtained in 
this way, The disadvantage of this method was that for pupation to 
occur last instar larvae needed ·to be fairly mature when placed in the 
container. In contrast, even larvae of earlier instars placed in the 
recirculating tank system would proceed ·to emergence. 
Larval, pupal and adult material from a number of collections 
were examined. Abbreviations for the various institutions which 
u!J~'-'·-'-"""" material from their collections are 1 as follows: ANIC, 
Australian National Insect Collection, CSIRO, Canberra; BMNH, British 
Museum (Natural History), London; BPBM, Bernice P. Bishop Museum, 
Honolulu; err, Caulfield Institute of Technology I Melbourne; JCUJ:..lQ, 
H3 
J'ames Cook University of Nort.h Queemlland, Townsville; MMBW, Melbourne 
Metropolitan Board of Works, Melbourne; NMV, National Museum of Victoria, 
Melbourne; NMV-SD, National Museum of Victoria Survey Department, Mel-
bourne; QM, Queensland Museum, Brisbane; SAM, South Australian Museum, 
Adelaide; TM, Tasmanian Museum and Art Gallery, Hobart; EDUQ, Entomology 
OE:partment, University of Queensland, St. Lucia. 
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In addition a number of people kindly made their personal 
collections available for study. 'I'he largest of these collections 
are identified by the following abbreviations of the owners' names: 
cw, Dr. c. Watts, Institute of Medical and Veterinary Science, 
Adelaide; PZ, Dr. P. Zwick, Max Planck Institute for Limnology, 
Schlitz, Austria; and WDW, Professor W.D. Williams, University of 
Adelaide, Adelaide. 
The collection supplied by Dr. c. Watts had been the basis for 
a previous systematic work on larval Sclerocyphon (Bertrand and Watts, 
1965). Examination of this collection facilitated interpretation of 
the work. Comparison of Sclerocyphon with the Psepheninae was greatly 
aided by the examination of Canadian specimens of Psephenus herricki 
made available by Professor H.B.N. Hynes of the University of Waterloo, 
Ontario, Canada. 
Examination, Dissection and Illustration 
Larvae were examined, in 70% ethanol, with an MC6-1 stereomicroscope. 
Dried adults were temporarily pinned on polystyrene foam for examination. 
Adults in ethanol were examined wet or else made comparable 
with pinned material by superficial d.rying in air, on absorbent paper, 
for approximately 15 minutes prior to examina·tion. Adults treated in 
this way could be returned to ethanol after examination. All measure-
ments were made with an MC6-1 stereomicroscope fitted with an 8X eyepiece 
graticule. 
Temporary mounts were made of adult and larval appendages. 'l'o 
obtain the external genitalia of adults the last two abdominal sclerites 
were removed and the genitalia gently dissected out using a microscalpel 
and mounted entomological pins. e In many males the aed~gus was everted 
upon death and so could be easily removed with without actual 
dissection. Where possible, dissection of paratype, rather than holotype, 
genitalia was carried out to minimize the t.o holotype material. 
Genitalia were cleaned and cleared by soaking in a hot solution of 
dilute potassium hydroxide (10% KOH) for thirty minutes, then mounted 
in glycerol. Temporary rather than permanent mounts were made so 
that the genitalia could be manipulated for viewing in various aspects. 
Drawings of genitalia and appendages were made using a Leitz 
Prado microprojector attachmen·t on a Leitz Pradovit 250 slide projector. 
Drawings of whole animals, adults and larvae, were first made with a 
Wild camera lucida mounted on a Wild MS stereomicroscope. As use of 
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the came.ra lucida did not allow t:he inclusion of many of the finer de·tails 
these were added from an examination of photographs of specimens taken 
by Mr. D. Peacock, Photographic Department, University of Tasmania. 
Final drawings of both whole animals and genitalia were corrected for 
symmetry and copied onto drafting film using Staedtler Mars 700H pens, 
indian ink and scalpel blades (the pubescence of the beetles was re-
produced with a scraping technique) • 
Larvae of all species, except ~type E and S. type F (of which 
insufficient material was available) , were examined with a Jeol JXA-SOA 
scanning electron microscope in the Central Science Laboratory of the 
University of Tasmania. Plates of important features were produced 
wi·th a Polaroid 200 Land camera. 
To facilitate the use of adult and larval , and the inter-
pretation of species descriptions, labelled diagrams of a representative 
sc:Lerocyphon beetle (dorsal and ventral views) l the male and female 
genitalia (dorsal views) and the larva (dorsal view) (Figures 3. 2-3. 6) 
are provided. The terminology used in the description of beetles 
follows that given by Brown (1.976) for aquatic dryopoid beetles while 
Key to structures of Sclerocyphon 
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plates (sclerotised) embedded 
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lateral frame 
basal piece 
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marginal fringe - outer band 
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mucous-coated trichoid sensilla 
gin trap 
cuticular bead 
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pl 
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cb 
es 
3.6 
FIGURES 3.2-3.6 Diagrams showing structures of a representative 8cle.ro-
cyphon beetle and last i.nstar larva: (3. 2) 'i' dorsal view; 
(3.3) 'i', ventral view; (3.4) 'i', external genitalia, 
ventral view; (3.5) r! genitalia, ventral view; (3.6) 
last instar larva, dorsal view. 
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the terminology used in the description of the genitalia follows 
that of Tuxen (1970). 'l'he terminology used in the description 
of larvae is after Bertrand and Watts (1965). 
3.4 
Key to the Species of Sclerocyphon in Australia. 
1 Metasternmn with posterior margin produced in shallow curve 
each side of mid--ventral line, behind ante coxal piece 
(Figure 3, 30) 
S. aquati cus 
Elongate beetle, 5-·7 mm in length, elytra "waisted", 
dorsal scleri te (ffi gure 3. 7 a) long, tapered, 
vaginal plates as in Figure 3. Ba. Endemic to Tasmania 
Figures 3.29-2.32 
Metasternum with posterior margin straight behind ante-
coxal piece ••••......••.•.•••......••.•••.•..••...•••.... 2 
2(1) Dorsal penile sclerite with two lateral projections or 
barbs (Figure 3. ?b) , vaginal plates with prolonged la·teral 
extensions on inner (Figure 3. 8b) 
S. secretus 
Elonqate beE~tle, 4-6 mm in length, dorsal 
surface w:ltll small clumps of' white pubescence. 
Bndemi c to Tasmania. Figures 3. 3 4-3. 37 
Dorsal penile sclerite without two lateral projections or 
barbs, without prolonged lateral exten-
sions ••.......•..••.........•...•..•.. , ...•..•.•.•...•.. 3 
3(2) Dorsal penile sclerite (Figure 3.7c} large, 0.7 rrun in 
lengt.h, 0. 3 mm in width, widest just before base, taper-
ing to rounded apex, vaginal plates (Figure 3.8c) expanded 
and convoluted anteriorly, 0.4 mm in length, 0.25 mrn in 
width (anterior) . Beetle from Tasmania 
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S. lacustr.is 
Elongate .beet.le, 5-6 mm .in length, derm moderately shining 
beneath dense fine ashen pubescence, usually uniformly 
dark brown. Endemic to Tasmania. Figures 3.52-3.55 
Dorsal penile sclerit:e not as above, vaginal plates not 
as above. Beetle from mainland Australia •...••.......... 4 
4 (3) Broad 1 subconvex ovate bee·tles ••...• , •.•.•••••.•.••....•. 5 
Not as above, elongate-elliptic or convex, almost cir-
cular beetles •.•.•...•...••• , •...•.•...••••.••.•.•....•.• 6 
5 (4) Elytral striae obvious. marked by longitudinal rows of 
white pubescence. Dorsal penile sclerite long (0.6 mm), 
tapering to very narrow apex (0.3 mm wide at base, 0.05 
mm wide at apex) (Figure 3.7d). Form of vaginal plates 
not known. 
S. a.quilonius 
Beetle usually dark brown with some yellow, 
5.5·-8 mm in length. Northern Queensland. Figures 3.43-
3.46. 
Elytral striae only visible in lateral and apical regions, 
l)()rsal penile sclerite long (0.75 mm) tapering to 
blunt apex (0.3 mm wide at base, 0.1 mm wide at apex) 
(Figure 3.7e). Vaginal plates elongate, narrow (0.38 mm 
x 0.13 mm) (Figure 3. 8d) . 
S. zwicki 
Beetle usually dark brown-b.lack with red-yellow 
patches, 5 5-B mm in length. Victoria and N.S.W. 
Figures 3.66-3.69 
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6 { 4) Elongat.e-elliptic, subconvex beetles with dense cove.ring 
of fine pubescence, plus clumps of coarse white pubes-
cence, over moderately shining derm .••••....•.•.....•••. 7 
Almost circular or ovate, convex beetles with variable 
of fine pubescence over very shiny derm •...•.• 8 
7 (6) Elytral striae obvious, marked by longitudinal rows of 
white pubescence. Dorsal penile sclerite (Figure 3.7f) 
narrow elongate (0.45 mm x 0.17 mm), vaginal plates 
(Figure 3.8e) small, anteriorly widened (0.22 mm in 
length, 0.15 mm in width, anteriorly). 
S. armstrongi 
Beetle usually dark brown, 4-5.5 mm in length, 
S.A. and western Victoria. Figures 3.47-3.50 
Elytral striae not obvious medially but. visible apically 
and laterally. Striae not marked with pu~scence but 
dense covering of pubescence over entire elytra. Ventral 
penile sclerite (Figure 3. 7g) with slight barb each side 
of apex, dorsal sclerite (Figure 3.7g} 0.5 mm in 
length, 0.25 mm wide at base. Vaginal (Figure 
3.8f) prolonged at outer anterior 
mm). 
(0. 3 mm x 0 .15 
S; . striatus 
Beetle usually dark brown with red-yellow 
patches, 3.5~5.5 mm in length. Victoria 
and N.S.W. Figures 3.15-3.18 
B(G) Pronotum with medial third black, lateral third on each 
side yellow. Elytra "waisted". Dorsal penile sclerite 
(Figure 3. 7h) 0. 45 mm in length, 0. 25 mm wide near base. 
Vaginal plates (Figure 3. small with narrow projection 
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at outer anterior edge (0.18 mm x 0.15 mm) 
s. collaris 
Extremely shiny beetle, elytra usually black, 
4-5.5 mm in length. Queensland. 
Fi.gures 3.25-3.28. 
Not as above ...•.•.......••.•.••.•......•.•....••....•.•• 9 
9(8) Elytra broad and convex relative to pronotum, greatest 
height and width at middle. Dorsal penile sclerite 
(Figure 3.7i) 0.5 mm in length, 0.25 mm in width near 
base. Vaginal plates (Figure 3.8h) elongate,0.4 mm in 
length, anterior outer extended. 
S. nitidus 
Extremely shiny beetle, usually black 
with .r:ed·~yellow patches, elytral margins 
wide, flattened 4.4-6.5 mm in length. 
Queensland, N.S.W. Figures 3.62-3.65 
Not as above ..••..•....•........••...•.....•.•........•. 10 
10(9) Oval, convex beetle with elytra swollen in apical third. 
Dorsal sclerite 3.7j) 0.6 mm in length, 
0.22 mm in width near base. Vaginal plates (Figure 3.8h) 
0.3 mm in length, widely expanded anteriorly. 
8. maculatus 
Beetle usually dark brown-black with 
red-yellow patches Dense patches of 
coarse white pubescence on dorsal surface 
plus glabrous shining regions. 4-5 mm 
in length. Victoria and N.s.w. Figures 3.10-3.13 
Not as a1.X)Ve •••••••••••••••••••••••••••••••••••••••••••• 11 
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11 (10) Narrow ovate beetle with one or two crescent-shaped 
glabrous regions each side of elyt.ral suture. Dorsal 
penile sclerite {Figure 3.7k) 0.4 mm in length, 0.25 
rnm in widt"h near base. Vaginal plates (Figure 3. 8j) 
with long, narrow apex,anterior margin highly con-
voluted, 0.4 mm in length, 0.18 mm in width (anterior). 
s. minimus 
Small beetles, 3-4 mm in length, usually 
light brown or brown. Male with midline 
in pubescence on sternites 2 and 3, 
sternite 3 produced in curve posteriorly, 
each side of midline. Queensland 
and N.s.w. Figures 3.57-3.61 
Almost circular beetle without crescent-shaped glabrous 
regions as above. Dorsal penile sclerite (Figure 3.7~) 
very short, 0.35 mm in length, 0.2 mm in width, at base. 
Vaginal plates {Figure 3.8b) short and narrow, 0.25 mm 
in length, 0.15 mm in width (ante:r:ior). 
s. basi col lis 
Small .beetles, 3-4 Illln in lengtll, 
usually black, sometimes with 
red~yellow patches, very fine white 
pubescence (often abraded) over shining derm. 
Victoria, N.S.W., Queensland. 
l!'igures 3.20-3.23 
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L-------' 
0.2mm 
j k 
3.7 Sclerocyphon, d, ventral and dorsal penile sclerites, 
.;;...;;;;..;;.,..;c_"--'·.;__ 
ventral view: 
(a) s. aquaticus; (b) s. secretus; (c) s. lacustris; 
(d) S. aquiloni us; (e) S. zwicki; (f) S. armstrongi; 
(g) s. striatus; (h) s. collaris; (i) s. nitidus; 
(j) s. maculatus; (k) s. minimus; (1) s. basicollis. 
Scale line = 0.2 mm. 
V. 
FIGURE 3.8 
0.2mm 
Sclerocyphon, ~~ plate embedded in left wall of vagina, 
ventral view: 
(a) s. aqua.ticus; (b) s. secretus; (c) s. lacustris; 
(d) s. zwicki; (e) s. a.rmstrongi; (f) s. stria.tus; 
(g) s. collaris; (h) S. nitidus; (i) S. maculatus; 
(j) s. minimus; (k) s. basicollis. Scale line = 0.2 mm. 
Key to Last Instar Larvae of Sclerocyphon in Australia. 
1 Dorsal surface with 2 gin traps on adjoining margins of 
tergites 3-4, 4-5. 
s. tJ?Pe E 
N.S.W. Figures 3.9a, 3.75. 
Dorsal surface with more than 2 gin traps .•••..•.••..•.•. 2 
2 (1) Dorsal surface with 3 gin ·traps on adjoining margins of 
t.ergites 3-4, 4-5, 5-6 •..•....•••...••...••..•......•••.. 3 
Dorsal surface with 4 traps on adjoining margins of 
tergites 3-4, 4-5, 5-6 and 6-7 .•...•••••••••.•.•...•..••• 9 
3(2) Tergite 9 with 3 longitudinal ridges ••.•.••....•...•..•.. 4 
'l'ergite 9 without 3 longitudinal ridges ..•...•••....•.••• 8 
4(3) Tergite 9 wit.h 3 strongly upraised longitudinal ridges 
all extending to posterior margin ••..•.•.•••...•.....••.. 5 
Tergite 9 with 3 weak longitudinal ridges, central ridge 
not raised beyond middle •.....•••..••...•••..•.....•...•• 7 
5 (4) Tergit.e 9 (Figure 3. 9b) nearly rectangular in outline, 
posterior margin produced in shallow curve, central ridge 
upraised, tapered shining. Dorsal shield with longi·tud-
inal row of black setae each side of midline, lateral 
laminae with transverse row of short. black setae. 
S. zwicki 
Victoria, N.S.~v. F'igures 3.9b, 3.70. Pls 3.28-3.30 
9 not as above, dorsal shield without longitudinal 
row of bl.ack setae each side of midline and transverse rows 
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6 (5) 
7 (5) 
on lateral laminae ..••.. , ....................•....•.•..•. 6 
Tergite 9 3.9c) with central ridge wide, tapered, 
strongly upraised, all 3 ridges covered by cut-
icular r~ads. Posterior margin with 4 sinuosities and 
rounded or apex. Mid-dorsal sensilla in shining 
circular mucus-coated clumps. 
s . .striatus 
Victoria, N.s.w. Figures 3.9c, 3.19. Pls 3.5-3.9 
Tergite 9 (Figure 3.9d) with central ridge narrow, all 3 
ridges sparsely covered with cuticular beads. Posterior 
margin with weak sinuosities and rounded or pointed apex. 
Mid-dorsal sensilla in small, 
clumps. 
, mucus-coated 
S. type C 
Queenslandv N.S.W. Figures 3.9d', 3.73. Pls 3.40-3.44 
Tergite 9 (Figure 3.9e) with 3 weak outlined by 
cuticular beads, margin flattened, beads sparse. 
Dorsal shield with 2 rows of cuticular beads across ter-
gites 1-8, anterior row extending down each lateral lamina 
to middle. Mid-dorsal sensilla in grey, shining, mucus-
coated clumps (visible as discrete sensilla 
with ornately rnucouscoats under scanning elec-
tron microscopy) • Many small 
over entire shield. 
of grey shining mucus 
s. type B 
. Figures 3.9e, 3.72. Pls 3.34-3.39 
Tergite 9 3. with 3 weak covered with 
cuticular beads. Posterior margin not as above. Cutic~ 
ular beads on dorsal shield not. as above. Mid-dorsal 
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8 (3) 
9(2) 
sensilla in shining, circulaJ: mucus-c:oated clump>; 
(sensilla not as above) outlined by ring 
of shining yellow pores. Numerous shining yellow pores 
over entire shield. 
S. basicollis 
Victor,ia, N.s.w., Queensland. Figures 3.9f, 3.24. 
Pls 3.10-3.12 
Tergite 9 (Figure 3. 9g) nearly in outline, 
posterior margin produced in shallow curve medially, bor~ 
dered each side by shallow concavity. Cuticular beads 
largest and densest at base, smaller and sparser at 
posterior margin. Shining mucus-coated "Y"- shaped 
region at base. Mid-dorsal sensilla in shining mucus-
~~ated elliptical clumps. 
S. armstrongi 
S.A. and Victoria. Figures 3.9g, 3.51. Pls 3.21-3.24 
Tergite 9 3. 9h) broadly in outline, 
posterior margin shallowly curved. shining, often 
diamond-shaped mucous mass at base. Mid-dorsal sensilla 
in shining mucus-coated oval clumps. 
Four gin 
giving 4 "half" 
s. type F 
Queensland and N.S.W. Figures 3.9h, 3.76 
with only lower of each sclerotised, 
traps. Tergi·te 9 (Figure 3. 9i) broadly 
tr.·.ia.nqular in outline, lacking upraised ridges, densely 
uovered with cuticular beads. Mid-dorsal sensilla in 
shining inverted "Y"·~shaped mucus-coated clumps. 
s. maculatus 
Victoria and N.S.W. Figures 3.9i, 3.14. Pls 3.2-3.4 
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Four qin traps with both lower and upper maxqins sclera··· 
tised. 'r<~rgi te 9 not as above. Mid-dorsal sensilla 
not as above ................•..•.•••.................... 10 
10 (9) Tergi te 9 (Figure 3. 9j) lacking ridges but fine trans-
verse folds present. Entire medial region shining, lack-
ing cuticular beads. A longitudinal pit at the junction 
of body and each lamina. 
s. type A 
Queensland. Figures 3.9j, 3.71. Pls 3.31-3.33 
Tergite 9 not as above. Medial region with cuticular 
beads. No longitudinal pits at junction of body and each 
lamina ••...•..••.....•.. , .•..•........•........•....•... 11 
11(1.0) Tergite 9 (Figure 3.9k) with 3 narrow upraised longitudin-
al ridges covered with cuticular beads. Posterior margin 
with 4 sinuousities and pointed apex. Mid-dorsal sensilla 
in grey shining mucus-coated clumps. 
s. type D 
Queensland. Fiqu.r:es 3. 9k, 3. 7 4. Pls 3. 45-3.50 
Tergite 9 not as above .•.•..........•.•..•.••...•.•..••• 12 
12(11) Tergite 9 (Figure 3.9£) nearly square in outline, poster-
ior margin produced in shallow curve. Three weak ridges 
with central ridge wide, tapered, shining. Medial region 
with long black setae in pores each side of midline, some 
with grey mass of mucus at base, setae sometimes absent 
(abraded) leaving shining pores visible. Lateral lam-
inae with transverse row of short black setae. 
s. aquaticus 
Tasmania. Figures 3.9!/.,, 3.33. Pls 3.13-3.15 
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'l'ergite 9 not a.s a.bove, posterio:r m<u:qin with small <.)r 
large sinuosities, medial region without black setae. 
Lateral laminae without transverse row of short black 
setae. G ..................... $ • "' ,. .............. ., ...... "' ....... , ................ 13 
13(12) Tergite 9 (Figure 3.9m) with posterior margin produced 
in semi-circle medially, apex rounded or pointed, a 
slight sinuosity each side of middle. Three upraised 
ridges wit~ central ridge extending to posterior margin. 
Mid-dorsal sensilla in elongate-oval mucus-coated 
clumps. 
S. secretus 
Tasmania. Figures 3.9m, 3.38-3.42. Pls 3.16-3.20 
Tergite 9 (Figure 3.9n) with posterior margin produced 
in deep semi-circle medially with a large shallow sin-
uosity on each side. Three weak ridges, central ridge 
not extending beyond middle. Mid-dorsal sensilla 
visible as discrete mucus-coated projections in oval 
clumps. Fine setae extending from pores over much of 
shic'lld. 
S. lacustris 
7.'asmania. Figures 3.9n, 3.56. Pls 3.25-3.27 
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b 
f 
j k 
2mm 
m n 
3.9 Sclerocyphon, last instar larva, tergite 9: (a) type E; 
(b) s. zwicki; (c) s. striatus; (d) s. type C; (e) s. type B; 
(f) s. basicollis; (g) s. armstrongi; (h) s. type F; 
(i) s. maculatus; (j) s. type A; (k) s. type D; (1) s. aquat-
icus; (m) s. secretus; (n) s. lacustris. Scale line = 2 mm. 
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Genus Sclerocyphon Blackburn 
Sclerocyphon Blackburn, 1892, p.522 
Type species: Sc.lerocyphon maculatus Blackburn 1892 
Adult 
As given by Blackburn (1892) but with the following additions: 
Small convex-subconvex beetles, densely minutely punctate 
overalL Entire ventral surface, head and legs <;lothed with short 
dense pubescence. Dorsal surface with variable pubescence. 
Head deflexed, partly enclosed by emarginate pronotum, eyes 
rounded, antennae with segments 1-2 relatively glabrous, shining, yellow, 
remainder dark, covered with dense pubescence, segments 3-7 triangularly 
compressed, segments 8-11 filiform. 
Clypeus prolonged forwards between fairly close antenna.! insert·-
ions, labrum and mandibles hidden beneath. Labrum small, mandibles 
small, sub-triangular. Maxillae 4-segmented, distal segment expanded, 
triangularly compressed with minute apical projections, palpifer rel-
atively large, stipe small, galea and lacinia fused as 3 plumose set-
aceous t;ufts 1 long fine setae over entire maxillae. Labial palps 3-
segmented, expanded, triangularly compressed with minute_apical pro-
jec·tions, ligula consisting of 4 plumose setaceous tufts corresponding 
to paraglossae and glossae. 
Pronotum strongly transverse, lateral margins explanate, apical 
angles prominent. Posterior margin of pronotum and anterior margin 
of elytra and scutellum crenulate. 
Scutellum widely arcuately triangular. 
Elytr·a with short longitudinal impression on anterior margin, 
one t.hird distance from scutellum, on each side. Shoulders gently 
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tuberculate. 'I'ransverse marginal impression below shoulder on 
each side. 
Presternum strongly produced into narrow posterior project-· 
ion. Mesosternum fairly flat, excised anteriorly for reception of 
presternal process, pl~oduced post.eriorly into narrow curved projection 
each side of midline. Metasternum fairly flat. 
Fore-legs with coxae separate, produced transversely for 
ion of femur, trochantin visible, fenmr with groove for reception of 
tibia, undersurface glabrous. Tibia with 2, extremely reduced, apical 
spines. Tarsi almost length of tibia, 5-segmented, not lobed, 
1>2>3>4;;i5, 5;;;2+3+4, tarsal claw bifid, inner margin lightly dentate. 
Mid-· legs as fore but transverse production of coxae considerably less, 
no groove for reception of femur. Hind-legs as fore but coxae larger, 
narrowly transversely produced with deep groove for reception of femur, 
femur somewhat flattened. 
Abdomen with 5 visible sternites, posterior margins of sternites 
2 and 3 fairly serrate, sternite 4 strongly serrate. 
e 
d' external genitalia with aedagus symmetrical, trilobate. 
" 
Basal piece spinose proximally, membranous except for narrow chitinised 
lateral plates. Parameres large, sclerotised, punctate 1 with mem-
branous tips. Penis complex, consisting of 2 sclerites, dorsal scler-
ite larger, curved downwards at tip, ventral sclerite smaller. Ejacul-
atory duct opening at base of 2 sclerites, internal sac undifferentiated. 
~ with pair ·of chitinised hemisternites, lightly punctate, 
distal portion setose, bearing 2-segmented styli, proximal segment mem-
b1:anous, distal segment sclerotised wit:h membranous tip bearing minute 
apical projections. Sclerotised rod embedded in ventral vaginal wall 
between hemisternites. Proximal region of vagina supported by lateral 
frame, sclerotised ventrally, articulating at base with hemistern:ltes. 
'l'wo sclerotised embedded in anterior latera-dorsal wall of 
vagina covered with minute trinagular teeth, largest and densest at 
outer , smaller, sparser in inner region. 
Last instar larva 
Description as given by Bertrand and Watts (1965) but with 
the following additions: 
Thoracic and abdominal segments forming shield complet.e 
hiding head and legs from above, dorso-ventrally flattened. Entire 
marginal fringe on lateral and pos·terior margins of lateral 
laminae, pro notal shield and postc~rior margin of ninth tergi te. 
Pronotum forming regular semi-circular shield in front. Lateral lam-
inae of meta- and mesonotum and tergi tes 1-8 broad, flattened, each 
in close approximation to anterior and laminae. Ninth 
tergite with lateral facing the posterior margins of lateral 
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laminae of eighth tergite and with posterior margin closing the entire 
thoraco-abdominal shield at the posterior end. 
Pro-, meta- and mesonotum with a number of pits in constan·t 
pattern each side of midline. 
Twelve paired groups of shining mucus-coated trichoid sensilla 
in medial region of dorsal surface, one group each side of 
midline on each thoracic and abdominal segment _or:_ a longitudinal row 
of long black setae each side of midline on each thoracic and abdominal 
segment. 
Two, three or four pairs of traps on dorsal surface con-
sisting of sclerotic bands on post-scutellum region of one segment and 
on the adjoini.ng pre-scutellum region of following on segments 
, 5-6 (3 pairs) and 6-7 (4 ) . 
One pair of functional spiracles present on posterior lat.eral 
of , close to junction with posterior margin, a 
'spiracular brush', associated with each , present on the adjoin-
ing anterior/latE~ral margins of the ninth tergite, spiracular brush 
con:d sting of tuft of setae, on a small prot. us ion, closing over the 
spiracular opening. 
Head hiddc~n from above, globular in front, ret:r:actable in a 
3 r: .) 
pocket between the presternal shield and pros,ternal scleri tes 1 usually 
directed forwards but movable in all directions. Antennae three-
segmented, first two almost equally developed, first more robust and 
slightly curved, third greatly reduced in size. Ocelli one gr·oup 
present on each side of head, consisting of six lenses, a little unequal 
in size, lying close together over one dark pigment spot. Clypeus 
membranous, some hairs present on anterior margin. Labrum 
quadrangular with rounded corners distal area covered with short, 
mate hairs, covers mouthparts but semi-transparent. wit:h mandibles 
visible beneath. Mandibles heavily chitinised, two forms occurring, 
longitudinally elongate, triangular type most common, very short sub-
triangular type sometimes present, internal face concave, distal area 
with fissures but no teeth, long prostheca plus a long plumose seta 
present in hollow of the internal face. Maxillae 3-segmented maxillary 
palps, distal segment with minute apical projections and one branched 
set"a, palp.iger with one stiff seta, second segment with three finely 
branched setae, with branched setae plus three stiff bristles 
on lat.eral margin, lacinia and galea largely fused, galea small with 
several short branched setae laterally and denser curved spines dorsally, 
both longer whole spines and shorter serrated ones present, lacinia 
spathula.te, convex medial edge with two rows of strong apically bent 
, increasing in length distally, bot:h whole and serrated 1 stout, 
heavily chitinised apical spine present. Labium elaborate in struct-
ure, mentum doubtfully distinct from .palpi bearing distal portion, 
dorsa.l surface leading straight into oral cavi·ty, 2-segmented labial 
palps 1 distal segment with minute apical projections, proximal segment 
with three finely branching setae, and glossae appearing 
fused, densely covered with palmate setae, containing group of finely 
branched setae in distal and medial la·teral regions, one of 
very long, simple setae present, ·two groups of small rounded bead-
like cuticular projections present, proximal lateral margins with 
varying number of stiff setae, 2-4. 
short, , only slightly movable, 5-segmented, coxal 
cavities broadly separated, coxa large, widened, trochanter 
femur flattened with one long seta projecting dorsally, tibia-tarsus 
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half the length of femur, carrying a , strong, chitinised, rnoder-
curved claw, swollen at base and approximately half the leng·th 
of tibia-tarsus, each claw with a slender interior spine, apical region 
of tibia-tarsus with long setae projecting both anteriorly and post-
eriorly, posterior margin with second clump of stiff setae, all segments 
with short, stiff setae. 
Ventral sclerite of ninth abdominal segment forming an operculum 
covering an ana-branchial cloaca containing two retractable anal gill 
·tufts 1 a pair of anal papillae and anus. 
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macu.Iatus Blackburn 
3.10-3.14, Pls 3.2-3.4) 
Sclerocyphon maculatus Blackburn, H!92 , p. 522 
Ectopria multinotata Pic, 1924 1 p.31 
Sclerocyphon ir:r:egula.r.i.s Carter, 1935, p.190. NEW SYNONYMY 
Material Examined 
Types - VICTORIA: holotype d (?) 1 district, BMNH; holotype 
~ of S. i:r:regularis (with pupal and larval exuviae, on card), 
F.E. Wilson, Reg. No. 2374, NMV. NEW SOUTH WALES: paratype ~ of 
s. irregularis, Dorrigo, W. Heron, ANIC. Synonymy based on comparison 
of 
Voucher specimens -VICTORIA: 1 ~~ 1 d, Matlock Ck, Mt. 
track, lO.ii .1977, A.A. Calder, NMV; 1 L, Thomson R., Thomson-Jordan 
Divide Rd, l.iii.l978, NMV-SD, NMV. 
Other material examined- VICTORIA: 5 ~~. 13 dif, Matlock Ck, 
Mt. track, 10.ii.1977, A.A. Calder, NMV; 4 ~~. 2 dd, Sassafras 
Ck, nr Monbulk, 19.xi.1972, PZ; 3 ~~~ 10 ifif, Clematis Ck, nr Belgrave 
19.xi 972, PZ; 1 'i' (with pupal and larval exuviae), Dandenong Ra, date? 
PZ; 2 !i!~, Fern 'l'ree Gully, 3.1.1911, Call?, NMV; 1 'i', 2 ifd, Acheron R., 
4.xL1972, PZ; 2 dd', Chain Bay Ck, Mt. Buller, 20 • .xJ:i.1972, PZ; 1 !i', 
Eurobin l''alls, Mt. Buffalo, 24.x.i.l972, PZi 1 !i', Rubicon, 15.xii.l955, 
AN, NMV; 2 !i''t, 'ragge:r·ty, 15.xii.1956, AN, NMV; 1 d', Buxton, 15.xi.l967, 
AN, NMV; 1 if, Meredith, 12 .. ii .1959, AN 1 NMV; 2 cfd', Little R., nr Wul-
gulmex·anq, 14.ii.J.969, AN, NMV; 1 ~. 1 d', Noorinbee, 20.xi.1965, AN, 
NMV; 1 'i', Kinglake, date?, F.E. Wilson, NMV; 1 ~. 1 d, Warrandyte, 
1.1 .. i.l976, AN, NMV; 2 'i'!i', Warbuton, Jan. 1926, F.E. Wilson, NMV; 1 d', 
Narracan, 15.xi.l969, AN, NMV; 1 'i' (with and larval exuviae) 
Ck, 27.1.1979, A. Glaister, emerged in lab. l.vii.1979i 
1 if (with pupal and larval exuviae) Flynns Ck, 23.i.1979, A. Glaister, 
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emerged in lab. 24.iv.1979; l'i', lei' (with pupal and larval exuviae), 
Upper Pretty Valley, nr Mt. McKay, Bogong High Plains, 7 .. i.l97 3, PZ; 
ld', Lock R., Noojee, l.xii.l978, P. Suter, NMV-SD; l'i' , Thomson R., 
'rhomson Portal Rd, lO.ii.l977, NMV-SD; 1 d', Aberfeldy R., 10 km NNW 
Walhalla, 27.xi.1977, A.A. Calder, NMV; 30 L, Thomson R., various sites 
from Thomson Valley Rd to Aberfeldy Rd., 0.5 km downstream of Swingler 
Port.al (Appendix A) 24.xi.l976-Liii.l978, NMV-SD; 1 L, Thomson R., 
Moe-Walhalla Rd, 24.x.l977, NMV-·SD; 17 L, Matlock Ck, Mt. Gregory 
track, 10.i.i.1977-25.xi.l977, NMV~SD; 7 L, Matlock Ck, off Thomson 
Portal Rd, 24.xi.l976-lO.ii.l977, NMV-SD; 3 L, Whitelaw Ck, at Whitelaw 
Portal, ll.i.i.l977, NMV-SD; 2 L, Upper Macalister R., above Howitt Plain, 
l5.xi.l977, 22 .. ii.l977, NMV-SD; 15 L, Thomson-Jordan R. Jn, Divide Rd, 
27.xi.l979-l.vi.l980, NMV-SD; 12 L, Traralgon Ck, 5.v.l979, NMV-SD; 
3 L, Traralgon Ck on 'l'raralgon Ck Rd, 27.i.l979, A. Glaister; 2 L, 
•rraralgon Ck, Western 'l'yers Rd, 27.i.l979, A. Glaister; l L, Middle Ck, 
5.v.l979, NMV-SD; 1 L, Little Morwell R, 5.v.l979, NMV-SD; 7 L, Western 
'ryers R., Christmas Ck Rd, 9.v.l979, NMV-SD; 10 L, Middle Tyers R. above 
Tyers Jn, 9.v.l979, NMV-SD; 1 L, Wes·tern Tanjil R. on Saxtons Rd, 
10.v.l979, NMV-SD; 4 1., Latrobe R. at Hawthorn Ck, 10.v.l979, NMV-SD; 
1 L, Same locality l.xii.l978, P. Suter; 1 L, Latrobe R. on Powellton-
Noojee Rd, ll.v.l979, NMV-SD; 1 r., Latrobe R., 9.8 km W Noojee, 17.v.l979, 
NMV-SD; 10 L, Loch H. , 14.5 km N Noojee, ll.v.l979, NMV-SD; 15 L, Loch 
R. upstream of Icy Ck, 30.xi.1978, P. Suter; 6 L, Toorongo R. 1 km S 
'I'oorongo Rd, 12. v .1979, NMV-SD; 4 L, Pennyweight Ck, nr Nooj ee, 18. ix .1971, 
WDW; 2 L, F'lynns Ck, on Lyndon Rd, 23.i.l979, A. Glaister; 2 L, Ferntree 
Gully, Melbourne; Aug. 1959, C. Watts; 5 L, Sassafras Ck, Sherbrooke, 
20.v.iii.l978, A. Glaister; l L, Trib. Sassafras Ck, Sherbrooke, 16 .. ix.l978, 
A. Glaister; 2 L, Sassafras Ck on Old Patch Rd, 8.ix.l972, PZ; 36 L, 
Sassafras Ck, Dandenongs, Belgrave and Monbulk, 15-16.11.1973, PZ; 
14 L, Dandenong Rd. , .Melbourne, da·te?, PZ; 1 L, Dandenongs, Belgrave, 
Jun. 1972, PZ; 4 L, Yarra R. upstream of dam, 3.xii.l979, J. Smith; 
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CI'I'i 2 L, Yarra R" upstream Andersons Ck, 23.x.l979, J. Smith, CIT; 
L, Home Ck, CJf:newat:t Launching Plact.~, B.v.L1977, A. Glaister; 116 L, 
Hunning Ck, Kinglake National Park, April. 1977-July.l978, A. Fletche:r:; 
100 + L, Monbulk Ck, nr Monbulk, 1961, 1962, 1963, 1964, 1968, WDW; 
1 L, Monbulk Ck, Belgrave Picnic Ground, 27.vi.1971, WDW; 3 L, Dela-
b.te R. below sawmill settlement, 2.8 mi. below Mirmbah, 30.vi.l972, 
WDW; 113 L, Delatite R., 25.ii.l97l-27.xii.l972, H.B.N. Hynes, PZ; 55 L, 
Godfreys Ck, 27.Ll971-24.ix.l972, H.B.N. Hynes, PZ; 95 L, Crown Ck, Woods 
Point, 24.ii.l971-28.iv.1972, H.B.N. Hynes, PZ; 4 L, Crown Ck, above 
Woods Point, 30.v.i.l971, WDW; l L, Acheron R. at highway, 4.ii.l972, 
PZ; l L, Acheron R., 14.vii.l97l, H.B.N. Hynes, PZ; 27 L, Acheron R., 
23.ii.l975, L. Macmillan, PZ; 3 L, Trib. of Acheron R., on road, 14.11. 
1971, H.B.N. Hynes, PZ; l L, White Bridge, Mt. Buller Rd, 26.vii.l971, 
WDW; 27 L, White Bridge, Mt. Buller, 30.vi.l97l-3.x.l972, H.B.N. Hynes, 
PZ; 25 L, Chalet. Ck, White Bridge, Mt. Buller, ll.v.l972-2.x.l972, PZ; 
15 L, Ck on Mt. Buller, date?, PZ; 1 L, Chain Bay S:ream, on road by 
Chain Bay, 4.6 mL above Minnbah, 30.vi.l971, WDW; 2 I,, Taponga R., 
27.ii.l973, WDW; 4 L, 'I'awonga R., Bright, 16.v.l972, PZ; l L, Scrubby 
Ck, nr Mitta Mi.tta, Feb. 1962, WDW; 12 L, Creek under Mt. McKay, Pretty 
Valley, Bogong High Plains, 7.1.1973, PZ; 1 I,, Bogong High Plains, 
nr F'alls Creek, 12.iv.1972, PZ; 1 L, Howqua R., Mt. Timbertop-Mt. Macedon, 
date?, PZ; 2 L, Tanjil R., 24.v.l972, PZ; 1 L, West Tanjil R., July, 
1972, PZ; 1 I., West Tanjil R., Mt. Baw Baw, l8.xi.l971, H.B.N. Hynes, 
PZ; 1 L, Cement Ck, l6.ix.l971, H.B.N. Hynes, PZ; 4 L, Myrtle Ck, vvar·· 
burton, :30.iv. .vi.l972, PZ; 1 I,, Weeping Rock, Warburton, 5.v.l972, 
PZ; 2 L, 5.2 mi. from summit of Mt. Donna Buang, 0.9 mi. from Cement Ck, 
14.vii.1971, H.B.N. Hynes, PZ; 143 L, Wilks Ck, Marysville, 26.ii.1971-
25.x.l972, H.B.N. Hynes, PZ; 1 L, Taggerty R. Marysville, 26.iv.l972, 
H.B.N. Hynes, PZ; 39 I., Bakers Ck, ,Jamieson, 12-28.vi.1972, H.B.N Hynes, 
PZ; 4 L, St<'?VEmson I<.., Buxton, 28.xii.1972, PZ; 2 L, Murrindindi R., 
nr Jamieson, 16.v.l978, ,J.A. Smith; B L, Stoney Ck, 16.v.l978, J.A. 
Smith, 2 L, Grey R., Otway Ra., 20.xii.l978, H.B.N. Hynes; 1 L, Wild 
Dog Ck, Otway Ra., l9.vii.i .1972, PZ. 
NEW SOU'I'H WALES: 1 ~. Thredbo R., 4.1.1973, PZ; 1 '?, Bourkes Ck, nr 
Captains Flat, 6.xii.l965, S. Allen, ANIC; 1 '?, Windsor, date?, 
H.J·. Carter, ANICi 5 '?'?, ld', Darrigo, date?, W. Heron, ANIC; 1 ?., 
1 d', Darrigo, date?, SAM; 1 d, Sydney, date?, Lea, SAM; 45 L, Pretty 
Valley Ck, Perisher Valley, 2l.i.l979, J. Waterhouse; 3 L, Snowy R, 
nr Seamans Hut, Mt. Kosciusko, 19.1.1979, J. Waterhouse; 2 .L, Caves 
40 
Ck, Kosciusko National Park, 18.vi.l979, K. Bishop; 4 L, Snowy R, 
8.ii.l966, E.F. Riek, ANIC; 9 L, Brown Mountain, 18.1.1961, E.F. Riek, 
ANIC; 1 L, Blue Lake, Mt. Kosciusko, 23.xi.1961, PZ; 11 L, Stream between 
Blue Lake and Hedley Tarn, Mt. Kosciusko, 3.ii.l976, PZ; l L, Dead Horse 
Gap, Mt. Kosciuslw, l3.iv.l972, PZ; 1 L, Cabbage Tree Ck, Canberra-Coast 
Rd., 28.vii.l965, E.B. Britton, ANIC; AUSTRALIAN CAPITAL TERRITORY: 
1 L, Blundells, 6.1.1961, E.F. Riek, ANIC. 
ion 
As given by Blackburn (1892) with the following additions based 
on an examination of voucher specimens; ~,d' and larvae. 
Female (Figures 3.10-3,12) 
'I'otal length 4. 9 mm, head width 0. 9 mm, pronotal length 0. 9 mm, 
pronotal width 2. 7 nun, width between angles pronotum 0.45 mm, 
scutellar length 0.35 mm, scutellar width 0.45 mm, elytral length 3.9 mm, 
elytral width 3.25 mm. 
General shape - Oval, convex. 
Head - Black, dense ashen pubescence overall, antennal segments 
1 and 2 yellow, remainder black. 
Pronotum Black wi·th red patches at base, coarse white pubescence 
overall, sparser in medial region, lateral margins yellow, curving 
from base to shallow 
1mm 
FIGURE 3.10 Sclerocyphon maculatus, ~voucher specimen, dorsal view. 
Scale line = 1 mm. 
1 mm 
3.11 Sclerocyphon maculatus, ~voucher specimen, ventral view ~.......;.;:.;.__~--
Scale line ~ 1 mm. 
FI 
3.12 
0.5mm 
3.12-3.13 Sclerocyphon maculatus: 
ventral view; (3 .13) d', 
view. Scale line ~ 0.5 
{3.12) ~' external genitalia, 
external genitalia, ventral 
min. 
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Scutellum - Black. 
Elytra - Black with red-yellow patches, red-yellow at base and 
each side of elytral suture. Coarse white pubescence scattered overall, 
abraded in places exposing shining derm, dense patches of pubescence at 
medial third and two-thirds. Greatest width attained two-thirds from 
base, elytra gently swollen attaining greatest height at two-thirds, 
also. Margins narrow, yellow. 
Legs - Femur black, tibia brown, tarsi yellow. 
Thorax - Presternum yellow, meso- and metasternum black with an·te.,. 
coxal piece yellow. Mesoepisternum yellow. 
Abdomen (Figure 3.11) - Segments 1-4 black laterally and medially, 
elsewhere red-yellow. Segment 5 black with medial region yellow. 
External genitalia (Figure 3.12) - Pair of sclerotised hemisternites 
punctate, setose distally, bearing 2-segmented styli, proximal segment 
membranous, distal segment sclero·tised but with membranous tip bearing 
minute apical projections. Sclerotised rod, expanded medially, embed-
ded in vaginal wall between hemisternites. Pair of sclerotised plates 
embedded in anterior dorso-lateral vaginal walls, triangular and widened 
at base. 
Male (Figure 3.13) 
Total length 4.15 mm, head width 0.85 mm, pronotal length 0.8 mm, 
pronotal width 2. 3 mm, w:i.<lth between apical angles of pronotum 1. 0 mm, 
scutellar length 0. 3 mm, scutellar width 0. 35 mm, <~lytral length 3. 3 mm, 
elytral width 2.7 mm. 
Similar to female but smaller. 
e Bxte.rnal genitalia (Figure 3.13) - Ae'\_agus symmetrical, trilobate, 
parameres sclerotised, punc·tate, narrowing to membranous tips. Penis 
complex, consisting of two scleri.tes, dox·sal sclerite with lateral 
margins sloping to narrow apex, ventral sclerite smaller with rounded 
apex. 
Last instar larva (Figure 3.14, Pls 3.2-3.4) 
Total length 7.1 mm, total width 3. 7 nun 1 length of ninth tergi te 
1.1 mm, width of ninth tergite 1.6 mm. 
General shape - Narrow elongate thoraco-abdominal shield, widest 
at metanotum, tapering to tergite 9. 
Dorsal surface - Medial region with 3 dark brown-black bands, 
one band on thorax, one on adjoining tergites 3, 4, 5 and one on ter-
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g.ite 8. Remainder of medial region yellow, pronott~ with yellow patch 
medially and above each eye. Lateral laminae lighter brown with yellow 
patch medially. Tergite 9 dark with 3 lighter patches at posterior 
margin. 
Entire marginal of setae with two bands visible; a narrow, 
regular, stiff, inner section, and a wider transparent outer section 
where setae soft, flexible, tapering to a minute point. 
of all laminae with fringe of fine transparent setae. 
Trailing edge 
Dense uniform covering of sclerotised cuticular beads smaller but 
denser in medial region, larger but sparser on laminae, dense dark clump 
of beads at junction of lamina and body on tergites 1-8. 
Many pores visible, covered with shining mucus, in medial region 
of pro- 1 meso- and met:anotum, also extending across tergi tes 1-8, densest 
on upraised region each side of ecdysial scar, on each side of sagittal 
line. 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensilla visible only wi·th scanning electron microscopy. 
Under light microscopy clumps pale and shining due to the presence of 
muco·-polysaccaride secretions. Each pair, on an upraised region, often 
forming an inverted "Y" around midline, most distinct on tergites 3-7, 
poorly developed on pro-, meso- and metanotum. 
FIGURE 3.14 
1 mm 
Sclerocyphon maculatus, last instar larva, voucher specimen, 
dorsal view. Scale line = 1 mm. 
3.2 
3.3 
3.4 
Plates 3.2-3.4 Sclerocyphon maculatus, last instar larva from Matlock 
Ck, tergite 9: (3.2) X 40; (3.3) X 200; (3.4) X 650. 
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Pronotum with 5 of irregularly shaped pits and 4 pairs of 
circular pits. Meso- and metanotum with 6 pairs of irregular pits. 
All pits yellow, bordered by cuticular beads. 
Four pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5, 5-6 and 6-7. 'l'hree anterior pairs of similar width, fourth 
pair narrower. Only t.he lower margin of each gin trap thickly sclero-
tised giving the appearance of 4 "half" gin traps. 
Tergite 9 (Pls 3.2-3.4) with sloping lateral margins and triangul-
arly curved pos·terior margin. No ridges present, anterior medial 
region slightly raised, sloping to lateral and posterior margins. 
Dense covering of cuticular beads over entire tergite, slightly sparser 
posteriorly. 
Adults can be distinguished by the following combinations of 
characters; relatively small size, convex body, elytra swollen in apical 
third, alternating regions of coarse white pubescence and glabrous 
shining derm dorsally, and narrow tapered penile sclerites or anterior-
ly widened, triangular vaginal plates. 
Larvae can be distinguished by the following combination of 
characters; 4 "half" gin traps, tergite 9 lacking ridges and with 
posterior margin t.riangularly curved, and the distinctive inverted "Y" 
form of the clumps of trichoid sensilla . 
Comments 
Blackburn's (1895) description of one specimen was not considered 
adequate, in the l.ight of present knowledge, and these additional des-
criptions are given basE.!d on an examination of male and female voucher 
specimens. 
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Adult and larva were first linked Bertrand and Watts (1964) , 
adults have also been reared from larvae in the laboratory in this 
study. A re-description of the larva is also given to facilitate 
comparison with larvae of other SolerooyphDn described below. 
Carter (1935) stated that S. maouJatus was widespread in Queens-
land, New South Wales, Victoria and Tasmania. While present records 
indicate that this species is fairly abundant and widespread in eastern 
Victoria and southern New South Wales its occurrence in either Queens-
land or Tasmania :i.s highly unlikely. S. maculatus could easily have 
been confused with several other morphologically similar species. 
The specific epithet, although accurate, is not diagnostic as several 
other species also exhibit the dark/light colour pattern. Much of 
Blackburn's description must now be regarded as applicable to the entire 
genus rather than S. maculatus alone. 
S. macu.latus larvae represent a very distinct form within Sclero-
cyphon, the 4 "half" gin traps and upraised, inverted "Y"-shaped clumps 
of mucus-coated sensilla are unique to this species. Variation in 
larval form is also evident with some larval populations exhibiting 
a much broader 1 larger, thora.co-abdominal shield. This broader shield 
has been·noted most often in specimens from cooler alpine localities 
although not exclusively so. The beetle described by Carter (1935) 
as S. irnogularis (preserved on card witr. its larval and pupal exuviae) 
had emerged from a larva of wide body form. Comparison of this beetle 
with t.he S. maculatus type revealed that they are, in fact, conspecific. 
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Sclerocyphon striatus Lea 
(Figures 3.15-3.19, Pls 3.5-3.9) 
Sclerocyphon striatus Lea, 1895, p.597 
Material 
Types - NEW SOUTH WALES: holotype ~~ Tamworth, SAM. Paratype 
~ and cr, 'l'amworth, SAM. 
Voucher specimens - VICTORIA: 1 ~. Thomson R , Bells Clearing, 
6 km S Aberfeldy, MV light, 9.ii.1977, A.A. Calder, NMV; 1 c!, same 
locality, MV light, ll.ii.1977, A.A. Calder, NMV; 10 L, Swamp Ck, 
Kiewa Hwy, 18.v.l979, J.A. Smith, NMV. 
Other material examined- VICTORIA: 16 '?'?, 14 c!d', (8-ll.ii.l977), H', 
lcf (9,.ii,l977) I 1 '? (25,ii,l977) I 4'i''i' 1 2<fcf (2,x,:f.i.1977) 1 2'?'?, lcJ (25.ii,l978) 
all Thomson R., Bells Clearing, MV light, NMV~SD; 14'?~, llc!d' (16.ii.1977) 
49 L (4.xii.l976-24.ii.l978) all Macalister-Caledonia R. jn, NMV-SD; 
12 'i!~, 6 crcr (6.xii.l977), 35 L (5.v.l977·-24.ii.l978) all Macalister-
Barkly R. jn, MV light, 6.xii.l977 1 NMV-SD; 8 'i''i', 6 crcr, Wellington-
Carey R. jn, l5.ii.l977, A.A. Calder, NMV·-SDi 1 'i'(l.xii.l976), 3 '?'?, 
5 d'd' (23. .1978), 18 L (l.xii.l976-23.ii..l976), all Macalister-Welling-
ton R. jn, MV light, A.A. Calder, NMV-SD; 1 '?, Macalister R., 6 km 
NNW Glenmaggie, 4.xii.l976, A.A. Calder, NMV-SD; 5 ~~. 10 c!~, Wellington 
R., 17 km N of Licola, 14.ii.l977, MV light, NMV-SD; 1 ~' 6~c! (25.ii. 
1978), 3 L (24.ii.l978) all Wellington R., 23.5 km NNE Licola on 
* ** Tamboritha Rd, MV light, NMV-SD; 1 ~. Pe, Le, Mitta Mitta R., 28.x.l978, 
A. Glaister, emerged in lab. 20.xi.l978; l r!, Pe, Le, Mitta Mitta R., 
15.5 km NW Benambra, 3l.x.l978, A. Glaister, emerged in lab. 28.xi.l978; 
2 d'rf, Pe, Le, Mit·ta Mitta R., 29.x.l978, A. Glaister, emerged in lab. 
13-l4.xi.l978; 1 r!, Pe, Le, Mitta Mitta R., l9.ii.l979, A. Glaister, 
emerged in lab. 26.vii.l979; 1 ~. Pe, Le, Mitta Mitta R., 2l.ii.l979 
Pe = pupal exuvi.um; Le = larval·exuvium 
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A. Glaister, in lab. 1. vi.i .1979; 2 d'd', Pe, Le, Deep Ck, 
nr Bulla, x.l978, A. Glaister, emerged in lab. Dec.l978, 2 'i''i', Pe, Le, 
Ck, nr Bulla, 18.xi1.1978, A. Glaister, emerged in lab. 3.1.1979; 
1 'i', Pe, Le, Deep Ck, nr Bulla, 18.xii.l978, A. Glaister, emerged in 
lab. l.vii.l979; 1 'i', Pe, Le, Traralgon Ck, 27-29.1.1978, A. Glaister, 
emerged in lab. 3.xi.l979i l 'i', 2 d, Pe, J~e, Ovens R., Harrietville, 
23-28.xi.l972, PZ; 4'i''i', Pe, Le, 8-21.x.l972, 3 L, 17 .1972, Bostock 
Ck, nr Colac, PZ; l 'i', Pe, Le, 3 L, Steels Ck, nr Yarra Glen, date?, PZ; 
ld (+ Pe + Le), Flourbag Ck, on road from Jamieson to AI Mine Settlement, 
17.x.l972, PZ; 1 d', Crown Ck, nr Woods Point, 28.xi1.1971, PZ; 2'i''i', 
2dd, Pe, Le, 18 L, Upper Valley, Bogong High Plains, date?, PZ; 
8 L, Bogong High Plains, nr Falls Ck, l2.iv.l972, PZ; 3 L, Pretty Valley 
Pond, Pretty Valley, under Mt. McKay, Bogong High Plains, 7.1.1973, 
PZ; 14 L, Upper Pretty Valley, Falls Ck, 7.1.1975, PZ; 1 'i', 7 L, Caris-
brook Ck, Otway Ra., 20.xii.l978, H.B.N. Hynes; 2 'i''i', 2 dd', Tambo Cross-
ing, 24.1.1960, A. Neboiss, NMV; l r!, Licola, 15.ii.l965, A. Neboiss, 
NMV; l 'i', Sassafras Gap, l3.ii.l963, A. Neboiss, NMV; 1 d', LittleR., 
3 km SE Taggerty, 6.1.1972, A. Neboiss, NMV; 1 'i', Dondangadale, 
11.1.1955, A. Neboiss, NMV; 1 r!, Avenel 9.xii.l954, A. Neboiss, NMV; 
1 'i', 4 eM, Abbeyard, 27.1.1960, A. Neboiss, NMV; 2 'i'';, Seven Creeks, 
10 km SW Strathboqie, A. Neboiss, NMV, l 'i', l d' , 'rhomson R. , Knappings 
Clearing, 9.iii.1979, A. Neboiss, NMV; 3 'i''i', 1 d', 4 km SW Healesville, 
2l.i1.1976, A. Neboiss, NMV; 20 'i''i', 28 d'd', River Crossing, 10 mi. N 
Valencia Ck, via Maffra, 14.Ll966, MV light, B. Cantrell, T Weir, 
; 9 'i"i', 4 cfrf, 'I'he , Beechworth, 12.1.1967, B. Cantrell, QU; 
1 d', cann River, 28.1.1967, G. Monteith, QU; 232 L, Thomson R. sites 
(Appendix A) 22.xi.1979-2.vi.l980, NMV-SD; ll5 L, Thomson H. sites 
(Appendix A) 24.xi.l976-3.iii.l978, NMV~SD; 9 L, Aberfeldy R. sites 
(Appendix A) 29.xi.l976~16.viii.l977, NMV·-SD; 3 L, Whitelaw Ck, at 
Whitelaw Portal, ll.ii.l977-2.vi.l977, NMV-SD; 15 L, Rainbow Ck, 
Cowarr-Seaton Rd, 18.ii.l977, NMV-SD; 1 L, Dingo Ck, Ca];edonia R. 
track, 30.xi .1976, Nl"lV··SD; 24 L, rvtacalister H. sites (Appendix A) 
4.xii.l976-23.ii.l978, NMV-SD; 2 L, Hellfire .Ck, 22.ii.l978, NMV-SD; 
12 L, Dolobrook R. 1 Pinchmine, 2.xii.l976, NMV-SD; 58 L, 
Mitta Mitta R. sites (Appendi~' A) 2.ii,l975-28.x.l978, NMV-SD; 8 L, 
(7,,ii.i.l977), 2 L (10.ii.1978) all Snowy Ck, NMV-SD; 2 L, 
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Ck, 5.v.1979, NMV~SD; 3 L, Middle Ck, 5.v.l979 1 NMV-SD; 1 L, R. 
on Yallourn-North Rd, 6.v.l979, NMV-SD; 1 L, Tyers R. at Walhalla 
Rd. bridge, l7.v.l979, NMV~·SD; 3 L, Eastern Tanjil R. at. il ,Jn 1 
8.v.l979, NMV-SD; 1 L, Middle Tyers R. above Tyers Jn., 9,v.l979, 
NMV·-SD; 5 L (l.xii.1978) 4 L (10.v.l979) all Latrobe R. at Hawthorn 
Ck, NMV-SD; 2 I,, Little MorWElll R., 6.v • .l979, NHV-SD; 1 I,, Leve.ns Ck, 
-Li.l961, WDW; 15 L, Little Scrubby Ck nr Mitta Mitta, -·.i.i.l.961, WDW; 
3 L, Scrubby Ck nr Mitta Mitta, -ii.l962, WDW; 2 L, Big Snowy Ck, 
-.ii.l972, WDW; 2 L, Ovens R. a·t Harrietville on Alpine Rd, 23 •. iv.l962, 
WDW; 3 L, Howqua R. where crossed upland by Howqua Trail, nr Mt, 'l'imber-· 
and Mt. Macedon, 28.11.1969, WDW; 1 L, Howqua R. 28.11.1971, WDW; 
4 I.., Howqua R • 
. vi.ii .1972) all 
, 15.iv.l972, PZ; 7 L (28.iv.l972), 4 L 
Ck, Jamieson, H.B.N. Hynes, PZ; 1 L, 
Ck, Lake Eildon, 30.vii.l972, H.B.N. Hynes, PZ; 30+ L, 
H. 24.ix.l971-26.v.l972, H.B.N. Hynes, PZ; 4 L, Stevenson R., Buxton, 
28.xi . .i.J972, PZ; 10 L, Acheron R., 23 .. ii.1975, L. McMillan, PZ; 
l L, Delatite R., 23.ii.l971, H.B.N. , PZ; 1 L, 'l'aponga R., 
, PZ; 1 L, Ck, below Walhalla 1 .x.i.l971, H.B.N. 
29. vi.l97l, H. B.N. , PZ; l L, King R., Whitfield, l2.iv.l972, 
PZ; 7 L (28.iv.l972), 4 L (25.vLii.1972) all F'lourbag Ck, Jamieson, 
H.B.N. Hynes, PZ; 8 L, Ovens R., East branch, 23.ii.l972, PZ; 29L, 
Ck, on Kiewa , l8.v.l979, J.A. 2 L, Still Ck on Eildon-
c'Jarnieson Hwy, 17.v.1979, .A. Smit.h; 3 L, Snobs Ck at Falls, nr 
Alexandra, 17.v.1979, J.A. Smithi 1 L, Sevens Ck, 10 km SW 
26.ix.l978, A. Glaister; .18 L (May 1977), 56 L (July 1977), 75 L 
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(Oct. 1977), 72 L (Jan. 1978) all Watchbox Ck, Euroa, A. Fletcher; 
5 L, Watchbox Ck, above falls, lO.v.l977, A. Fletcher; 5 L, Watchbox 
Ck, below falls, 8.v.l977, A. Fletcher; 62 L (April.l977), 2 L (April. 
1977), 38 L (Oct.l977), 46 L (Jan.l978) all Running Ck, K.inglake 
National Park, A. Fletcher; 5 L, Running Ck, Mason Falls, Kinglake 
National Park, 16.v.l979, J.A. Smith; 8 L, Dry Ck, nr Stills Ck, 
5 mi. N Yarra Glen, 29.ix.1972, PZ; 3 L, Watts R., upstream of Yarra 
R., 27.xi.l979, J. Smith, CIT; 4 L, Big Pats Ck, Yarra R., 23.x.l979, 
J. Smith, CI'I': 2 L, Yarra R. upstream Big Pats Ck, 23.x.l979, J. Smith, 
CIT; 2 L, Yarra R. at Milgrove, 29.x.l979, J. Smith, CIT; 4 L, Yarra 
R. at Woori Yallock, 5.xi.l979, J. Smith, CIT; 1 L, Yarra R. upstream 
of Andersons Ck, 23.x.1979, CIT; 2+ L Plenty R. Mernda, 16.xi.l979, 
J. Smith, CIT; 1 L, Diamond Ck, Broughton Rd, 18.xi.l971, J. Smit.h, 
CIT; 2 L, Yarra R. 3 km SW McMahons Ck, 16.xi.l976, A. Wells, WDW; 
4 L, Maribyrnong R., Sydenham Park, 1980, V. Brown, MMBW; 4 L, Ander-
sons Ck, Everard Drive, 12.iv.l979, J. Dean, MMVW; 5 L, Andersons Ck, 
16.vii.i.l979, J. Dean, MMBW; 1 L (Nov.l97l), 1 L (,Jan.l971) all Dande-
nong Ck, I. CampbE';ll, PZ; 4 L, Creek em Bonang Hwy, 20 mi. N Orbost, 
20.ii.l972, PZ; 2 L, Tambo R. Grayling Survey, in gut, 1979, T. Berra, 
P.D. Jackson; l L, Trib. of Wild Dog R., S of Warragul, 7.viii.l.979, 
H.B.N. Bynes, PZ; 3 L, Eumarella Ck on Princes Hwy, 24.xi.l977, P. 
Suter, WDW; l L, Fitzroy R. at Tyrenda.rra, 24.xi.l977, P. Suter, WDW; 
5 L, William Hall Ck, 2l.xi.l976, J .E. Bishop, WDW; 2 L, E'yans Ck, 
Grampi.ans, 29.x.l977, P. Suter, WDW; 2 L, Wennicott Ck on Casterton-
Hamilton Rd, l9.xi.l977, P. Suter, WOW; 1 L, Bovine Ck, Grampians, 
30.x.1977, P. Suter, A. Wells, WDW; 2 L, Flat Rock Crossing, 20 km w 
Halls c;ap I ::22 . .ix .1976, J .E. Bishop, WDW; 8 L I Jamieson R. I Ot.way Ra. I 
l9.viii.1972, PZ; 158 L, Barwon R., East branch, at outflow from Lake 
Elizabeth, 4.iv.l975-15.vi.1975, L. McMillan, PZ; 3 L, Apollo Bay, 
Jan. 1959, CW; 6 L, Deans Marsh, ,Jan. 1959, CW; 21 L, McKenzie Ck, 
23.i.l976-15.xii.l977, P.D. Jackson, Fisheries and Wildlife, 
ViC'to.cia; AUSrl'RALIAN CAPITAL TE:HRI'l'ORY: 1 '!:, Paddys R. , 31 . i .1967 , 
S. Muko, ANIC; 1 !?, (7.ii.l967), 2 Pe, 3 L (3.1.1967) E.B. Britton, 
ANIC; 4 L, Paddys R. 6 mi. from Cotter, 15.xi.l964, E.B. Britton, 
ANIC; 5 L, Paddys R. Jan. 1964, H.E. Hinton, CW; NEW SOUTH WALES: 
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2 ~. Darrigo, date?, W. Heron, ANIC; 2 rtrt, South Arm via Bowravi1le, 
20.i.l966, B. Cantrell, QU; 2 ~'?,Matheson, 1-5.11.1964, J.C. Cax·dale, 
QU; 1 rt, 2 8 L, Pages R. , Murrurindi, 26. i .1980, J .A. Smith, emerged in 
lab. 3.iii.l980; 4 (_(., 2 rt, 24 L, Peel R. Nundle, nr Tamworth, 26.i.l980, 
J.A. Smith, emerged in lab. March 1980; 1 L, Peel R., 1 km upstream 
from Nund1e, 30.iv.l98l, P.S. Lake, D. Coleman; 13 L, Gyra R. below 
Blue Hole weir, 14 km SE Armidale, 24.iii.l980, M.K. Notestine; 4 L, 
Barrington, 30.viii.l93l, F.J. Gay, ANIC; 5 L, Creek E of Nundle, nr 
'l'amworth, 27.1.1980, J.A. Smith; 2 L, Hunters R. Mooran Flat, 27. 
1978, H.B.N. Hynes; 1 L, Isis R. on roa.d to Waverley, 26.v11i.l978, 
H. B .N. Hynes; 2 :L, Ex platypus cheek pouches, Upper Shoalhaven R. , 
ll.viii.l977, R. Farragher; 3 L, Shoalhaven R., 12.x.l977, R. Farragher; 
5 L, Gerrabattgull Ck, -Li.l979, R. Farragher; 9 L, Mongarlowe R., 
~rrib. of Upper Shoalhaven R., 12.1.1976, K. Bishop; 18 I.., Trib. of 
'I'uross R., W of Narooma, 17.1.1980, J.A. Smith; 8 L, Gulph Ck, 
Neriggundah, l7.i.l980; J.A. Smith; 2 L, Endrick Ck, Nerriga, 18.i.l980, 
J.A. Smith; 17 L, Jaspers Ck, Princes Hwy, Nowra, 19.1.1980, J.A. Smith; 
15 L, Snowy R. nr Seamans Hut, M·t. Kosciusko, 19.i.l979, J. Waterhouse; 
4 L, Snowy R, 8.ii.l966, E.F. Riek, ANIC; 3 L, Caves Ck, Kosciusko 
National Park, 18.vi.l979, K. Bishop; 1 L, Small creek nr Dead Horse 
Gap, t-1t. Kosciusko, date?, I. Campbell, PZ; 5 L, Jacobs R. 5 km S of 
Jindabyne, 2.i.l976, J.E. Bishop, WDW; 11 L, Macquarie R. at bottom 
of pass, 15.ix.l976, J.E. Bishop, WDW; 4 L, Geehi R., 7.1.1973, PZ; 
2 L, Cooma, Jan.l96l, CW; 4 L, Kowmung, Mar.l933, C. Davis, ANIC. 
As given by Lea (1895) but with the following additions based 
on an exa~ination of voucher specimens; ~, rr and larvae. 
Female (Figures 3.15-3.17) 
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'rotal length 5.25 mm, head width 0.95 mm, pronotal length 0.95 mm, 
pronotal width 2. 7 mm, width between apical angles of pronotum l. 2 5 mm, 
scutellar length 0.35 mm, scutellar width 0.45 mm, elyt:ral length 4.25 
mrn, elytral width 3.25 rnrn. 
General shape - Elliptic-elongate, subconvex beetle. 
Head - Black, fine dense pubescence overall, antennal segments 
1 and 2 yellow, remainder dark brown. 
Pronotum Dark brown with orange patches, covered overall with 
fine dense ashen pubescence. Medial region convex, medial line faintly 
visible, lateral margins flat, yellow. 
Scutellum - Yellow. 
E.lytra - Dark brown with scattered orange/yellow patches, medial 
region lighter, very fine, dense ashen pubescence overall plus many 
small clumps of thicker, coarse,white pubescence. Glabrous brown 
patch on each side of suture at middle, bordered anteriorly by region 
of dense white pubescence, dense region of white pubescence extending 
in arc from suture to lateral margin at apical third. Striations faintly 
visible apically and laterally. 
third. Margins narrow, yellow. 
Greatest width attained at apical 
Legs ~ r'emur dark brown, tibia and ta:rsi yellow. 
Thorax 
dark brown. 
Pro- and mesosternum and antecoxal piece yellow, remainder 
AJ:xiomen (Figure~ 3.16) - Segments 1-5 black with lighter, orange 
patches. 
External talia (Figure 3.17) -Pair of sclerotised hemiste:mites, 
1 mm 
FIGURE 3.15 Sclerocyphon striatus, 'i' voucher specimen, dorsal view. 
Scale line = 1 mm. 
1 mm 
FIGURE~16 Sclerocyphon striatus, ~voucher specimen, ventral view. 
Scale line ~ 1 mm. 
0.5mm 
0.6mm 
.:.:::.::._::,."';!:.::::_,..;:;_.:...=:..f.::.:::.:.•..::':l::;:8 Sclerocyphon striatus: ( 3 .17) ~ , external genitalia, 
ventral view; (3.18) cf, external genitalia, ventral 
view, Scale lines = 0.5 mm. 
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punctate, setose distally, bearing 2-segmented styli. Sclerotised 
rod, embedded in vaginal wall between hemisternites, expanded dis-
tally. Pair of elongate sclerotised plates embedded in anterior 
dorso-lateral vaginal walls. 
Male (Figure 3.18) 
'l'otal length 3.9 rom, head width 0.8 rom, pronotal length 0.8 rom, 
pronotal width 2.05 mm, width between apical angles of pronotum 0.9 mm, 
scutellar length 0.3 rom, scutellar width 0.35 mm, elyt.ral length 3.0 rmn, 
elytral width 2.45 mm. Similar to female but smaller. 
Elytra - relatively shorter than 'i, striations barely visible. 
Abdomen - Dense pubescence on segments 2 and 3 parted at midline. 
e 
External genitalia (Figure 3.18) - Aedfgus symmetrical, trilobate. 
Parameres sclerotised, punctate with membranous tips. Penis complex, 
consisting of 2 sclerites, dorsal sclerite with wide, rounded apex, 
ventral sclerite smaller, lateral margins with feeble barb near tip. 
Last instar larva (Figure 3.19, Pls 3,5-3.9) 
Total length 8.0 rom, total width 4.1 rom, length of ninth 
l. 2 rom, width of ninth te 1.6 mm. 
General shape - Narrow, elongate thoraco-abdominal shield, widest 
at metanotum, tapering to tergi·te 9. 
Dorsal surface - Medial region dark brown with some yellow, one 
large yellow patch on pronotum over each eye, lateral laminae light 
brown with yellow patches, tergi te 9 entirely dark. 
Entire marginal fringe of setae with 2 bands visible; narrow, 
yellow inner band made up of stiff inner section of each seta, wider 
outer band where setae soft, flexible, tapering to minute 
point. Trailing edge of all laminae with of fine transparent 
setae. 
FIGURE 3 
1 mm 
Sclerocyphon striatus, last instar larva, voucher specimen 
dorsal view. Scale line 1 mm. 
3.5 
3.6 
PLATES 3.5-3.6 Sclerocyphon striatus, last instar larva from Swamp Ck: 
(3.5) clumps of mucous-coated trichoid sensilla in mid-
dorsal region of abdominal tergites 4 and 5, x 120; (3.6) 
clump of mucous-coated trichoid sensilla , x 250. 
3.7 
3.8 
3.9 
PLATES 3.7-3.9 Sclerocyphon striatus, last instar larva from Swamp Ck, 
tergite 9: (3. 7) x 40; (3.8) x 200; (3.9) x 650. 
Cuticular beads dem3e in medial region, sparser on lateral 
laminae, dense, dark clump of beads at junction of each lamina and 
body on tergites 1-8. Beads rounded apically. 
Pores scattered over entire dorsal surface, densest regions, 
52 
coated with shining grey mucus, between pits on pro-, meso- and meta-
noturn and on two slightly upraised, oval regions either side of ecdysial 
scar on each side of sagittal line on 1-8, 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of sagittal line on each thoracic and abdominal seg-
ment. Discrete sensilla visible only with scanning electron micro-· 
scopy (Pls 3.5, 3.6). Beneath the light microscope each group visible 
as circular shining region, outlined by a ring of pores, the two groups 
of each pair widely separate with derm beneath light coloured. 
Pronotum with 5 of irregular and 4 pairs of circular 
pits (lateral 3 dark) in a semi-circle, anterio:rly. Meso- and meta-, 
notum with 6 pairs of irregular pits. 
by beads. 
Most pits yellow, outlined 
Three pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5 and 5-6. Posterior pair narrower than anterior pairs. 
Tergite 9 (Pls 3.7-3.9) with 1 upraised ridges, central ridge pro-
nounced, all ridges densely covered with cuticular beads. Posterior 
margin with 4 sinuosities, one each side of central ridge and between 
lateral ridges and lateral margins. Margin at apex of central ridge 
pointed or rounded. Lateral margins gently curving. 
is 
Adults can be distinguished by the following combination of 
characters; elongate, subconvex body, "velvet" appearance of dorsal 
surface creat.ed by a dense covering of pubescence over a moderately 
shining derm, and two feeble lateral barbs on the ventral penile scler-
ite or small elongate vaginal plates. Males can also be distinguished 
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by the midline parting in pubescence on sternites 2 and 3. 
Larvae can be distinguished on the following combination of 
characters; 3 gin traps, tergite 9 with 3 ridges, central ridge pro-
nounced, posterior margin wi·th 4 sinuosities, circular clumps of 
t.richoid sensilla medially and uniform covering of cuticular beads. 
Comments 
The specific epithet is not diagnostic as several other species 
(described below) exhibit more pronounced elytral striations. Lea 
(1895) in his description of the holotype male noted 
" ..• second and third abdominal segments feebly 
carinate in middle ••• " , 
this has not been observed here; however, the parting in pubescence 
at the midline of sternites 2 and 3 may have been misinterpreted as 
carina. 
The larva, described here for the first time, was linked to the 
adult by laboratory rearing. The common narrow elongate form is 
described but a wider form also exists, usually possessing a dis·tinctive 
colour pattern, of 3 dark brown bands separated by three yellow bands, 
on the dorsal surface. This form has been included within s. striatus 
on the basis of tergite 9 morphology; however, laboratory rearing of 
adults from this larval form is needed to verify this inclusion. 
s. striatus is widely distributed in Victoria and eastern New 
Sout.h Wales. Larval densities can be extremely high and larvae have 
been found in both lowland and alpine streams. 
54 
Sclerocyphon serratus Lea 
Sclerocyphon serratus Lea, 1895, p.598 
Examined 
Types - NEW SOUTH WAI .. ES: holotype 'i' (?) , 'l'amworth, SAM. 
Comments 
Most of the abdomen and of this specimen was missing 
and positive identification of other material from this type was not 
easily carried out. No specimens in the collections studied matched 
the description given by Lea sufficiently well enough to be identified 
as S. serratus. Several specimens identified by previous workers as 
s. serratus were not considered to be valid as a number of misident-
ifications by earlier workers had been revealed in t.he course of this 
study. These were probably due to both the general nature of the early 
descriptions and the :trorphological similarity of many of the species 
of Sclerocyphon. 
Extensive collecting of adults and larvae of Sclerocyphon in the 
Tamworth region, plus rearing of adults in the laboratory, is the first 
step required to elucidate the exact form of this species. Possibly 
larval types described later in ·this work, in particular S. type B 
from southern Queensland and S. type E from a creek east of Nundle, 
near Tamworth, may be the larval form of S. serratus but until lab-
oratory rearing of adults from these larvae is achieved no positive 
conclusions can be made, 
Sclerocyphon basicollis Lea 
(Figures 3.20-3,24, Pls 3.10-3.12) 
Sclerocyphon bas.icollis Lea, 1895, p. 599 
Material Examined 
Types - N~W SOUTH WALES: holotype ~, Tamworth, SAM; paratype 
~, Tamworth, SAM. 
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Voucher specimens ~ NEW SOUTH WALES: 1 ~ (with pupal and larval 
exuviae), Rocky R. E of Tenterfield, 28.1.1980, J.A. Smith, emerged in 
lab. 8.iii.l980, NMV; 1 ~, Williams R., 1926, H.J. Carter, SAM; 7 L, 
Port Hacking R., Royal National Park, 19.1.1980, J.A. Smith, NMV. 
Other mate.dal examined - NEW SOUTH WALES: 2 ~~, Williams R. , 
Oct. 1926, H.J. Carter, ANIC; l ~. Pe, Le, 35 L, Rocky R. E of Tenter-
field, 28.1.1980, J.A. Smith, emerged in lab. 27.iii.l980; l ~, Pe, Le, 
Rocky R. E of Tenterfield, 28.1.1980, J.A. Smith, emerged in lab. 
8 .. iii .. l980, l 'l, Pe, Le, Tunks Ck, 29 x.ii.l978, G. Edgar, emerged in 
lab. 28.iii.1979; 21 L, Trib. of Rocky R.,E of Tenterfield, 28.1.1980, 
J.A. Smith; 61 L, Peel R., Nundle, E of Tamworth, 26.1.1980, J.A. Smith; 
1 L, R., Murrunrundi, New England Hwy, 26.1.1980, J.A., J.N. 
Smith; l L, Qui.rindi Ck on Wallabadah Ck Rd, l km upstream of Walla-
badah, 29.iv.l98l, P.S. Lake, D. Coleman; 4 L, Trib. of Port Hacking 
R. above waterfall in McKell Ave, 19.1.1980, J.A. and J.N. Smith; 10 L, 
'rrib. of Lane CoveR., Lady Game Drive, Killara, Sydney, 23.1.1980, 
J.A., J.N. Smith; 6 L, Colongolook R., at Princes Hwy, 120 km N of 
Newcastle, 5.ii.l980, J.A., J.N. Smith; 6 L, Yellow Pinch Ck, at 
Princes Hwy, between Merimbula and Bega, 15.1.1980, J.A., J.N. Smith; 
9 L, Ck in Moreton National Park, W of Nowra, 18.1.1980, J.A., J.N. 
Smith; 6 L, Armidale, 22.11.1.1963, CW; 2 L, Berowra Ck, Galston 
27. xii .1978, G. ; 2 L, Kara Ck, 5 mi. W Berridale, nr Cooma, 
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ll.x.l978, A. Glaister; 2 L, Rushs Ck, nr Cooma, 12.x.l978, 
A. Glaister; 1 L, Umarallar Ck, nr Cooma, 10.x.l978, A. Glaister; 
VICTORIA: 27 'i''?, 14 d'r:!, South Morang, 24.xi.l928, J.E. Dixon, N~lV; 
1 d', Goulburn R., Alexandra, 7.xi.l927, J. Clark, NMV; 1 'i', Goulburn 
R., Alexandra, date'?, coll.?, NMV; 1 d', Aberfeldy R., 10 km NNW of 
Walhalla, 27.xi.1977, A.A. Calder, NMV-SD1 2 'i''i', 1 d', Macalister R., 
9 km NNE of Heyfield, 4.xii.l976, A.A. Calder, NMV-SD; J.d', Macalister-
Caledonia R. Jn, 6.xii.1977, NMV-SD; 1 L, Macalister-Wellington R. Jn, 
6.v.l977, NMV-SD; 3 L, Wellington R. 23.5 km NNE of Licola on 'I'amboritha 
Rd, 25.ii.l978, NMV-SD; 1 L, Shaws Ck, Bennison Plains, lS.xi .1977, 
NJv1V-SD; 11 L, Aberfeldy R., Donellys Ck track, 29 .xi.1976~l3.ii .1977, 
NMV-SD; 4 L, 'l'homson R., Bells Clearing, 13.viii.l977-28.ii.l978, NMV-
SD; 2 L, Thomson-Jordan R. Jn, Swingler Portal, l.v.l977, NMV-SD; 
1 L, Thomson R- Blackberry Ck Jn., Jericho, 28.xi.l976, NMV-SD; 
'rhomson R, Thomson-Jordan R., Divide Rd, l.ii .1976, NMV-SD; 51 L, 
Mitta Mitta R. sites (Appendix A) 1976~1978, NMV-SD; 5 L, Plenty R, 
Mernda, 16.xi.l979, J. Smith, err; 2 L, Plenty R. I Mernda, l6.xi.l979, 
J. Smith, CIT; 2 L, Maribyrnong R., Sydenham Park, 1980, V. Brown, MMBW. 
AUSTRALIAN CAPI'l'AL TERRITORY: 1 d', Cotter R., 14.xii.l929, A. Tonnoir, 
ANIC, QUEENSLAND: 2 ~<!, Upper Brookfield, nr Brisbane, 3.vi.l967, 
G. Monteith, QU; l'f (?) Highvale, 8.vii.19?, A. Diatloff, QU; 2 ~'i', 
3 cfcf, Kuranda, lO.viii.l904, Koebe1e Collection, BPBM; 3 <!~, Hambledon, 
Nov. 1921, Pemberton Collection, BPBM; 1 L, Yandina, 23.viii.l958, 
D. Ogg, QU; 1 L, Obi Obi Ck, 12 km SE Kenilworth, 10.iv.l979, H.B.N. 
Hynes; 2 L, stream 2 km NE Cooran, 14 .. iv.1979, H.B.N. Hynes; 1 L 
(21.viii.l979), 1 L (22.vi.ii.l979}, 1 L (18.ix.l979), Miles Platting 
Rd riffle, Bulimba Ck, Brisbane 1 Griffith University; 1 L (2l.iii.1979), 
1 L (20.iLi.l979), l L (20.xi.l979), 1 I .. (lO.i.l980), 1 L (3.iii.1980), 
Kimmax St riffle, Bulimba Ck, Griffith University. 
ion 
As given by Lea (189b) but with the following additions based 
on an examination of voucher specimens, and larvae. 
Female (Figures 3.20-3.22) 
57 
Total length 4.4 n~, head width 0.9 mm, pronotal length 1.0 mm, 
pronotal width 2.5 mm, width between apical angles of pronotum 2.5 mm, 
scutellar length 0.3 mm, scutellar width 0.5 mm, elytral length 3.3 mm, 
elytral width 3.05 mm. 
General shape -Nearly circular, broad, convex. 
Head - Black with red ring around eye. 
Pronotum - Black anteriorly, lighter red-brown at base, irregularly 
clothed with dense ashen pubescence, where pubescence sparse, shiny 
punctate derm visible. Lateral margins narrow, flat, yellow, pro-
not:um deflected forwards. 
Scutellum- Red-brown, sloping forwards. 
Elytra - Uniformly black, small clumps of coarse white pubescence 
on lateral and apical regions, medial region relatively glabrous, 
exposed derm very shiny with minute punctures and fine transverse 
wrinkles. Overall elytra broad, nearly as wide as long, widest at 
middle, gently convex. Wide shallow impression at lateral margin, in 
basal third, on each side. Margins yellow, wider at base than apex. 
Thorax - Pro-, meso- and metasternum and antecoxal piece brown. 
Abdomen (Figure 3. 21) All segments yellow. 
External genitalia (Figure 3.22) - Pair of sclerotised hemi-
sternites, punctate 1 set:ose distally, bearing 2-segrnented styli. 
Sclerotised rod embedded in vaginal wall between hemisternites fairly 
broad, expanded distally. Pair of sclerotised plates embedded in 
anterior dorso-lateral vaginal walls relatively small, narrow. 
1mm 
FIGURE 3.20 Sclerocyphon basicollisp ~ voucher specimen, dorsal view. 
Scale line = 1 mm. 
1 mm 
FIGURE 3.21 Sclerocyphon ba.sicollis, !? voucher specimen, ventral view. 
Scale line = 1 mm. 
0.5mm 
3.23 
0.5 mm 
3.22-3.23 Sclerocyphon basicollis: (3.22} !F external genitalia, 
ventral view; (3.23} if external genitalia, ventral 
view. Scale lines = 0.5 mm. 
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Male (Figure 3.23) 
Total length 3.35 mm, head width 0.8 mm, pronotal length 0.7 mm, 
pronotal width 1.95 mm, width between apical angles of pronotum 0.9 mm, 
scutellar length 0.15 mm, scutellar width 0. 3 mm, elytral length 2. 55 
mm, elytral width 2.4 mm. 
Similar to female but smaller and with nearly ent.ire covering of 
dense fine white pubescence. 
e 
External genitalia (Figure 3.23) - Aedagus symmetrical, trilobate, 
" 
parameres sclerotised, punctate with rounded membranous 'tips. Penis 
complex, consisting of 2 sclerites, dorsal sclerite with lateral marg-
ins tapering to fairly narrow apex, ventral sclerite smaller with 
widely rounded apex. 
Last instar larva (Figure 3.24, Pls 3.10-3.12) 
Total length 7.0 mm, total width 3.9 mm, length of ninth tergite 
1.1 mm, width of ninth tergite 1.5 mm. 
General shape - Elongate-ova·te thoraco-abdominal shield, widest 
at tergite 1, tapering to tergite 9. 
Dorsal surface - Medial region dark brown with narrow yellow 
patches on tergites 2, 3 and 5, 6, 7. 
Lateral laminae with alternating strips of colour: brown-yellow-
brown-yellow-brown. 'I'ergite 9 dark brown overall. 
Entire marginal fringe of setae with 2 bands visible;narrow, 
brown, inner band made up of stiff inner section of each seta, wide 
transparent outer band where each seta soft, flexible, tapering t.o 
minute point. '!'railing edges of all laminae with fringe of fine 
transparent setae. 
Dense uniform covering of dark, sclerotised cuticular beads over 
entire dorsal surface except for bare narrow strip along posterior 
margin of lateral laminae of tergites l-8. Beads relatively smalL 
FIGURE 3 
1 mm 
Sclerocyphon ba.s.icollis, last instar larva, voucher 
specimen, dorsal view. Scale line == 1 mm. 
3.10 
3.11 
3.12 
PLATES 3.10-3.12 Sclerocyphon basicollis, last instar larva from Pprt 
Hacking R, tergite 9: (3.10) x 40; (3.11) x 200; 
(3.12) X 650. 
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Pores, visible as shining yellow dots, scattered over entire 
dorsal surface, densest regions between pits and extending along mid-
line to anterior margin of pronotum, between pits on meso- and meta-
notum and extending down onto lateral laminae. Two oval clumps of 
pores on each side of ecdysial scar, each side of midline, and narrow 
row extending across lateral lamina, on t.ergites 1-8. 
pores following contours. 
Tergite 9 with 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segmEmt. 
Discrete sensilla visible only with scanning electron microscopy. 
Beneath light microscope each group visible as dark, shinli1g, circular, 
mucous mass, outlined by a ring of shining yellow pores. Some groups 
with individual hairs projecting from mass, tergites 8 and 9 with smaller 
clumps. 
Pronotum with 5 of irregular pits and 4 pairs of circular 
pits, lateral 3 dark coloured. Meso- and metanotum with 6 pairs of 
irregular pits. Most pits yellow, outlined by cuticular beads. 
Three pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5 and 5-6. Decreasing in width posteriorly. 
Tergite 9 with three faintly upraised ridges outlined with cut-
icular beads, central ridge not reaching posterior margin. Posterior 
margin produced in a semi-circle with a slight sinuosity each side of 
medial region. Lateral margins curving to rounded apical angles. 
is 
Adults can be distinguished by the following combination of 
cbaract.ers; small size, broad, convex, nearly circular body, dorsal 
surface with very fine soft white pubescence and shining derm, and 
very short penile sclerites or short narrow vaginal plates. 
Larvae can be distinguished by the follov;ring combination of 
characters; 3 gin traps, tergite 9 with weakly developed central ridge 
and regularly curved posterior margin, and the presence of 
numerous shining yellow pores dorsally. 
The larva, described here for the first time, was linked with 
the adult by laboratory rearing. While the adult exhibits several 
very distinctive features (shining derm and convex, nearly circular 
body) the larva may be easily confused with that of S. striatus, 
being similar in many The most useful character separa·t-
ing the larvae of the two species is the form of the ninth tergite. 
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The ninth tergite of S. basicollis is more feebly ridged and the posterior 
margin less sinuous than that of S. striatus. 
Although most adults of s. basicollis possess uniformly black 
pronota some exhibit the two-colour pattern (black medially, yellow 
laterally) also seen in s. collaris. 
S. basicollis appears to be predominantly a coastal species, 
occurring in eastern Victoria and along the entire New South Wales 
coastline to south-eastern Queensland. 
from northern Queensland. 
It has also been recorded 
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Sclerocyphon col.la.ris (Fabricius) 
(Figures 3.25-3.28) 
Tritoma co.Zlar.is, Fabricius, 1775, p.69 n.2. 
Sclerocyphon bicolor, Carter, 1919, p.l91 
Material Examined 
Types - QUEENSLAND: holotype l', NMV Reg. No. 477, Kuranda, 
29.ix.l919, NMV. Paratypes: 1 d' NMV 
NMV; l ~~ Endeavour R., ANIC. 
• No. 478 1 Kuranda, 29. ix .1919, 
Voucher specimens - QUEENSLAND: 1 ~' Kuranda, 22 .i .1919, F. P. Dodd, 
SAM; ld', Cairns, date?, E. Allen, SAM. 
Other material examined - QUEENSLAND: 1 'i' (?), Kuranda, 29 .ix .1919, 
NMV; 1~, 2 eft:!, Cairns, date?, E. Allen, SAM;lcf(?) Kuranda, 22.1.1919 1 
F.P. Dodd, SAM; 1 adult (head and pronotum only), N. Queensland, Black-
burn's Collection, SAM; 2 'i' 'i', Hastings Ck, Biggenden, 6.xii .1976, 
H. Frauca, ANIC. 
1\s given by Carter (1919) but with the following additions 
based on an·examination of voucher female and male. 
Female (Figures 3.25-3.27) 
'rotal length 5. 4 mm, head width 1. 0 mm, pronotal length L 1 mm, 
pronotal width 2. 95 mm, width between apical angles of pronotum 1. l rnm, 
scutellar lengt.h 0.45 mm, scutellar width 0.55 mm, elytral length 4.2 
nun, width 3. 6 mm. 
General shape -oval, convex. 
Head - Black, yellow ring around eye. 
Pronotum- Medial region black, glabrous, very shiny, minutely 
1 mm 
FIGURE 3. 25 Sclerocyphon coLiari. , cF voucher specimen, dorsal view. 
Scale line = 1 mm. 
1 mm 
Sclerocyphon collaris, S voucher specimen, ventral view. 
Scale line = 1 mm. 
3.27 
0.5mm 
Sclerocyphon collaris: (3.27) ~. external genitalia, 
ventral view; (3.28) ~ external genitalia, ventral 
view. Scale lines 0.5 rnm. 
punctate, medial line faintly visible. Lateral third, on each 
side, yellow, covered with dense fine pubescence. 
narrow, yellow. 
Lateral margins 
Scutellum- Red-brown, slightly raised, glabrous, shiny. 
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Elytra - Black overall, but lighter red-black basally and 
medially. Derm very shiny beneath irregularly scattered, short, fine, 
ashen pubescence, striations faintly visible laterally, fine trans-
verse wrinkles extending from each side of suture. Deep transverse 
marginal impression behind high glabrous shoulder, on each side, giving 
"waisted" effect. Elytra gently dilating to beyond middle, widest 
at posterior two-thirds. 
Legs - Femur black, tibia, ·tarsi yellow. 
Thorax 
yellow. 
Pro-, meso- and metasternum black, antecoxal piece 
Abdomen (Figure 3.26) - All segments yellow. 
Externa.l genitalia (Figure 3 .27) - Pair of sclerotised hemistern-
ites punctate, setose distally, bearing 2-segmented styli. Sclero-
t.ised rod embedded in ventral vaginal wall between hemisterni tes narrow 
proximally, broadly expanded distally. Pair of sclerotised plates 
embedded in dorso-lateral walls of vagina short and wide, thickly 
sclerotised anteriorly. 
Male (Figure 3 .28) 
Total length 4.1 nun, head wid·th 0.85 nun, pronotal length 0.9 nun, 
pronotal width 2. 3 mm, width between apical angles of pronotum 1. 05 nun, 
scutellar lencrth 0.3 rom, scutellar width 0.4 nun, elytr.al length 3.1 nun, 
width 2.95 mm. 
Similar to :Eemale but smaller. 
Elytra - Derm red-brown, very shiny, pubescence sparse. 
e 
External genitalia (Figure 3.28) - Aedagus symmetrical, tri·-
"' 
lobate. Parameres sclerotised, punctate with round membranous 
tips. Penis complex, consisting of 2 sclerites, dorsal sclerite 
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with lateral margins tapering to narrow, rounded apex, ventral scler-
ite smaller with widely rounded apex. 
Adults can be distinguished by the following combination of 
charactersi pronotum with medial third black, lateral thirds yellow, 
very shiny, black, strongly convex and "waisted" elytra, and short 
wide penile sclerites or vaginal plates with narrow anterio-lateral 
projections and thicker sclerotisation anteriorly. 
Comments 
One beetle of this species was collected by Sir Joseph Banks 
during the hi:storic voyage of the "Endeavour" (1768-1771) under the 
command of Captain James Cook and is now part of the Banks Collection 
held at the British Museum (Nat.m:al History) . 'rhe "Endeavour", whilst 
sailing up the east coast of Australia, stopped for brief periods of 
time at Botany Bay, Bustard Bay and Thirsty Bay and for two months 
at Endeavour River (Cook town) while the ship was repaired after running 
aground on corals. A. Musgrave, quoted by Radford (1980), has sug-
gested that it was probably too late in the season for collecting 
insects at Botany Bay (New South Wales) and therefore most insect:s in 
the Banks Collection were probably taken at Endeavour River (north 
Queensland), although some may also have been taken at Bustard and 
Thirsty Bays (Queensland). 
'I'he locality of the specimen held in the British Museum (Natural 
Hist.ory) is merely given as "nova Hollandia "; however, in the light 
the~ arove knowledge' the presently known distribution of the species 
4) and the fact the specimen was similar to the Carter 
paratype from Endeavour River in almost all aspects (Dr. R. D. 
, British Museum (Natural History), pers. comm, 1978) suggests 
that the Banks' specimen may well have been collected at Endeavour 
River. 
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Fabricius named the specimen Tritoma co.llaris in his Systema 
Entomologiae in 1775 but Radford (1980) recognised the synonymy with 
Sclerocyphon bicolor. Although "collaris" takes precedence as the 
fie , "bic:olor" was very apt as the two colours (black 
and yellow) on the pronotum are very distinctive. 
The distinctive pronotal colour pattern and very shiny "waisted" 
elytra makes this the TIK)St easily recognisable member of 
Scle.rocyphon. No larval form has been linked with the adult and 
only a small number of beetles have been collected. At present this 
species appears to be restricted to northern Queensland. 
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ScJerocyphon aquat.icus Lea 
(Figures 3.29-3.33, Pls 3.13-3.15} 
Sclerocyphon aquaticus Lea, 1919, p.252 
additions to description,smith, 1981, p.277 
Material Examined 
Types - TASMANIA: '.' holot.ype, 1 'i' pa:r-atype, Waratah; 2'.''.' para-
* Hobart, In SAM. 
Voucher specimens TASMANIA (all Hellyer R., 8015 837298, 
27.i.l979); 1 if (TM Reg. No. F879), 1 '.' (TM Reg. No. F880}, larvae 
(TM Reg. No. F881), in TM; other ifif, '.''.' and larvae in SAM, NMV and 
ANIC. 
Other material examined- TASMANIA: 4 ifif, 25 '.''.',Gordon R., 
1.5 km below Angel Cliffs, 8012973811, 12.ii.1977, D. Coleman, G. Edgar; 
3 ifif, 19 '.''?,Gordon R., 400 m above Howards Ck junction, 8012991735, 
5.ii.l977, D. Coleman, G. Edgar, A. Richardson; 1 if, 4 '?'.',Gordon R., 
200 m above Denison R., 8012046677, 8 •. ii .1977, D. Coleman, G. Edgar; 
4 ifc', 6 'f '? , Hel R., 8015837298, reared in lab., Jan. 1978; 8 ifif. 
9 '?'?, Sorell Ck, Mt. Wellington, 8312 124609, reared in lab. Jan. 1979; 
3 ifif, 2 '?'f, Horseshoe Bend Ck, 8513850261, reared in lab. Nov.1978; 
1 if, WandleR., 8015813200, reared in lab. Oct.1978; 2 ~~.Tulloch-
gorum Ck, 8414750862, reared in lab. Nov.1978; 2 d'if, West Swan R., 8514 
847606, Aug.l978. Plus larvae collected from 56 localities (Figure 
4.22) (for brevity larval localities are not listed here). 
As given by Lea (1919) but with the following additions based 
on an examination of voucher specimens; !i', d' and larvae. 
Examination of Lt:;;a 1 s 2!i' 'i: from Hobart revealed that they are 
not S. cus but S. secret us. 
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Female (Figures 3. 29·-3. 31) 
'I'otal length 6. 8 mm, prono·tal length 1 .1 mm, pronotal width 
5.7 mm, elytral length 4.1 mm, elytral width 3.3 mm. 
General Elliptic, convex beetle. 
Pronotum - Black, derm shining beneath sparse, irregularly 
distributed pubescence, medial region relatively glabrous, gen·tly 
convex. 
El - Black, derm shining beneath irregularly distributed 
ashen pubescence. Elongate, widest beyond middle. Lar:ge, 
marginal impression behind shoulder, on each side, giving elytra 
"waisted" appearance. Short transverse wrinkles extending laterally 
from suture in basal two-thirds. Striations obscure. 
Thorax (Figure 3.30) -Metasternum with transverse suture 
produced in curve each side of midline above antecoxal piece. 
Abdomen (Figure 3.30) - Segments 1-4 with black patches out-
lined with yellow. Segment 5 black with yellow medially. 
Externa.I geni ta.lia (Figure 3 .31) - Pair of sclerotised hemi-
sternites punctate, distally, bearing 2-segmented styli. 
Sclerotised rod embedded in vaginal wall between hemisternites, ex-
panded at middle, broader posteriorly ·than anteriorly. Pair of elong-
ate sclerotised plates embedded in anterior dorso-lateral walls of 
vagina. 
Male (Figure 3 .32) 
To·tal lenqth 5.5 mm, pronotal length 0.9 rom, pronotal width 
2.4 mm, elytral length 4.4 mm, elytral width 3.2 mm. 
lobate. 
Similar to female but smaller, less elongate. 
e 
External genitalia (Figure 3.32) - Aedagus symmetrical, tri-
" 
Parameres large, sclerotised with rounded membranous tips. 
Penis complex, consisting of 2 sclerites, do:r:·sal sclerite with lateral 
1 mm 
FIGURE 3.29 cus, ~voucher specimen, dorsal view. 
1 mm 
aquaticus, ~ voucher specimen, ventral view. 
Scale line = 1 mm. 
'. 
' ' ~ 
:·: 
3.31 
3.32 
0.5mm 
Sclerocyphon aquaticus: (3.31) ~, external genitalia, 
ventral view; (3.32) if, external genitalia, ventral 
view. Scale lines = 0.5 mm. 
margins tapering to bluntly rounded apex, ventral sclertt.e similar 
but much shorter, narrower. 
Last instar larva (Figure 3.33, Pls 3.13-3.15) 
Total length 10.8 mm, total width 6.6 mm, length of ninth 
tergite 1.5 mm, width of ninth tergite 1.8 mm. 
General shape - Broadly ovoid, sometimes circular, thoraco-
abdominal shield. 
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Dorsal surface ~ .. Medial region dark brown to black, some small 
yellow patches, pronotum with light patch above each eye. 
laminae light brown with yellow patch before edge. 
Lateral 
Entire marginal of setae with two bands visible; inner, 
narrow, regular light brown band; and outer wide band where setae 
flexible, transparent, tapering to minute point. Overlying this 
a sparser, irregularly orientated band of dark brown setae, slightly 
longer than regular fringe. 
parent fringe of setae. 
Trailing edge of laminae with fine trans~ 
Dense uniform covering of dark, relatively large sclerotised 
beads overall, darker dense clump of beads at junction of lateral 
laminae and body, laminae of tergites 6-8 with distinct transverse row 
of beads. 
Pores, visible as shining yellow dots, scattered over entire 
surface, densest in medial region. 
Twelve paired groups of setae in medial region, one group to 
each side of midline on each thoracic and abdominal segment. Setae 
long, blacl<, posteriorly directed, projecting from pores in sloping 
row, each side of midline (forming triangle about midline). Some 
groups with grey, shining mucous coat over pores as well. Lateral 
laminae with transverse row of short, thick, black setae, projecting 
from pores, above posterior margin. 
Pronotum with 5 pairs of irregular and 4 of circular 
FIGURE 3.33 
1 mm 
Sclerocyphon aquaticus. last instar larva, voucher specimen, 
dorsal view. Scale line = 1 mm. 
3.13 
3.14 
3.15 
PLATES 3.13-3.15 Sclerocyphon aquaticus, last instar larva from Hellyer 
R, tergite 9: (3.13) X 40~ (3.14) X 200; (3.15) X 650. 
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, lateral 3 pairs dark. Meso- and metanotum with 6 pairs of 
irregular pits. Most pits yellow, all outlined by beads. 
Four pairs of gin traps present on adjoining margins ter-
gites 3-·4, 4-5, 5-6 and 6-7, decreasing in width posteriorly. 
Tergite 9 (Pls 3.13-3.15) with triangular central upraised 
region outlined by beads plus a faint. lateral ridge, outlined by 
beads, on each side. Central region often covered with shining 
mucus. Anterior region densely beaded, beads smaller, sparser post~ 
eriorly. Posterior margin weakly produced in a shallow semi-circle, 
lateral margins straight, sloping. Posterior margin with regular 
fringe plus group of much longer fine setae each side of middle. 
Entire tergite nearly square in outline. 
Adults can be distinguished on the following combination of 
characters; elongate body, "waisted" elytra, shining black derm with 
irregular ashen pubescence dorsally, and long tapered penile sclerites 
or elongate vaginal plates. 
Larvae can be distinguished on the following combination of 
characters; 4 gin t.raps, tergi te 9 with shining mucus-coated central 
triangular upraised region plus two faint lateral ridges and posterior 
margin p.roduced in shallow semi-circle, ovoid to circular thoraco-
abdominal shield with a dense uniform covering of cuticular beads, 
medial region usually with long black setae projecting from pores each 
side of midline, lateral laminae with transverse row of short black 
setae. 
Comments 
In his descri.ption of S. aquaticus, Lea (1919) noted that two 
female from Hobart (in SAM) differed from the t:ype on several 
of colour and pubescence and my examination of these specimens 
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revealed that they are, in fact, S. secretus (described subsequently) 
not S. aquaticus. Lea's description, based only on two females from 
Waratah, could not be considered adequate in the light of present, 
knowledge and thus additions have been given from an examination of 
voucher s_pec imens. 
'rhe larva of S. aquaticus is described for the first time here, 
the larva and adult were associated by laboratory rearing. 
S. aquaticus is endemic to Tasmania and occurs throughout most 
of the St.ate, the distribution of S. aquaticus is described in 
Chapter 4. 
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Sclf:~rocyphon secretus Smith 
(Figures 3.34-3.42, Pls 3.16-3.20) 
Sclerocyphon secretus Smith, 1981, p.280 
Material Examined 
Types - TASMANIA (all Lambert Creek, Sandy Bay, 8312 269491) : 
if holot.ype (TM Reg. No. F872a, with final larval exuvium F872b and 
final pupal exuvium F872c); 'i' allotype (TM Reg. No, F873a with final 
larval exuvium F873b and final pupal exuvium F873c), Lx.l979; para-
t:ypes: lif ('rM Reg. No. F874, 25.ix.l975), lif ('l't-1 Reg. No. F875, 
l9.xi.l979, l'i' (TM . No. F876), 25.ix.l975, l'i' (TM Reg. No. 
F877), 27.xi.l979; larvae, range of instars (TM Reg. No. F878), 
S.xii .1979; J.if (NMV . No. T-6148), 23.x.l978, J.cf (NMVReg. No. 
T-6146), 15.xi.l979, l'i' (NMV Reg. No. T-6147), 15.xi.l979, larvae 
(NHV Reg. No. '1' .. 6149), 5.xii.l979; l<f, 23.x.l978, J.cf, l'i', 15.xi.l979, 
larvae, 5.xii.l979, all in SAM; J.if, 8.x.l978, ld, l'i', 15.xi.l979, 
larvae, 5.xii.l979, all in l'>NIC. 
Other non-type material examined - 'l'ASMANIA: 14 cfr:f, 24 'i''i', 
Lambert Ck, 8312 269491, reared in lab., 1975, 1978, 1979; 5r1r1, 4 'i''f, 
Ben L,omond Ck, 8414 538045, reared in lab., viii-ix.l978; 18 r:fr:f, 26 'i''i', 
vvaterworks Ck, 8312 215485, reared in lab., 1978, 1979; l'i', Browns R., 
8312 206476, lO.i.l980; 2r1r1, DeeR., 8213 68112, l.xi.l978t 1r1, g'i''i', 
Parsons Bay Ck, 8411 610261, l8.xi.l978; 2r:fif, l'i', Meredith R., 8513 
569363, 6.xili.l978; lr:f, Farm Ck, 8014 840819, reared in 
• I 
17.vJl.l978. Plus larvae collected from 112 localities (Figure 4.21) 
(for brevity larval localities are not lis·ted here) . 
Female (Figure 3.34-3.36) 
'rotal length 5. 5 mm, pronotal length 1. 0 mm, pronotal wid·th 
2.7 mm, elytral length 4.4 mm, elytral width 3.3 rrun. 
middle. 
Genez·al shape - Oval-elliptic, subconvex beetles. 
P.ronotum - Dark brown to black, red patches each side of 
Dense irregular covering of fine ashen pubescence plus 
denser patches of coarse white pubescence. Medial region convex 
with median line feebly defined, small shallow transverse .impression 
each side of medial region. Margins narrow, red. 
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Elytra - Dark brown to black, red patches each side of middle, 
dense irregular covering of fine ashen pubescence, small dense patches 
of coarse white pubescence in middle and apical third. Moderately 
shining derm visible in small glabrous patches. Widest beyond middle, 
medial region flattened, transverse wrinkles extending laterally from 
suture in anterior two-thirds. Shallow marginal impression, below 
shoulder, on each side. Striations obscure. 
Thorax - Pro- and mesonotum and antecoxal piece light brown, 
metanotum black. 
Abdomen (Figure 3. 35) -- Segments l-4 black laterally and medially, 
outlined with yellow, remainder light brown. Segment 5 black with light 
brown medial patch. 
External genitalia (Figure 3.36) - Pair of sclerotised hemi-
stcrnites, punctate, setose distally, bearing 2-segrnented styli. 
Sclerotised rod embedded in ventral vaginal wall between hemisternites 
not expanded at middle, narrow. Pair of sclerotised plates embedded 
in anterior dorso-lateral walls of vagina short with pronounced lateral 
projection. 
FIGURE 3 3 
1 mm 
Sclerocyphon secretus, 'f' allotype, dorsal view. Scale line 
= 1 mm. 
1 mm 
Sclerocyphon secret us, 'i1 allotype, ventral view. Scale li.ne 
= 1 nun. 
L 
0.5mm 
FIGURES 3.36-3 . .37 Sclerocyphon secretus: (3.36) 'i?, external genitalia, 
ventral view; (3.27) ~, external genitalia, ventral 
view. Scale lines = 0.5 rnm. 
Male (Figure 3.37) 
'rotal length 4. 5 mm, pronotal 1 ength 0. 8 mm, pronotal 
width 2. 2 mm, elytral length 3. 5 mm, elytral width 2. 7 nrrn. 
Similar to female but smaller. 
e 
External genita.Zia (Figure 3. 37) - Aedagus symmetrical, ,... 
trilobate. Parameres short, sclerotised with rounded membranous 
Penis complex, consisting of two sclerites, dorsal sclerite 
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with a sharp projection midway from apex, on each side. Apex rounded. 
Ventral sclerite small. Lateral margins regularly tapering t.o 
rounded apex. 
Last instar larva (Figure 3.38, Pls 3.16-3.20) 
Total length 7.6 mm, total width 3.6 rom, length of ninth 
1.1 mm, width of ninth tergite 1.3 mm. 
General shape Narrow-elliptic thoraco-abdominal shield. 
Dorsal surface - Medial region dark brown to black with some 
yellow patches. Pronotum with yellow patch over eyes. Lateral lam-
inae light brown with yellow patch before edge. Tergite 9 completely 
dark. 
Entire marginal of setae with two bands visible; light 
brown, regular, inner band and transparent outer band where setae 
flexible, tapering to minute point. Some setae broken at end of 
inner band. Trailing of laminae with fine transparent fringe. 
Covering of dark, sclerotised cuticular beads denser in medial 
region, sparser on lateral laminae. Tergites 1-8 with two transverse 
rows beads across body, darker denser clump of beads at junction 
of body and lateral laminae. Laminae of 6-8 with trans-
verse row of beads across lamina from body to middle. 
Pores visible, beneath shining coat of mucus, on transverse 
upraised strip above ecdysial scar, each side of midline on tergites 
FIGURE 3. 38 
1 mm 
Sclerocyplwn secretus, last ins tar larva, 
dorsal view. Scale line 1 rom. 
PLATES 3.16-3.17 Sclerocyphon secretus, last instar larva from Lambert 
Ck: (3.16) clumps of mucous-coated trichoid·sensilla 
in mid-dorsal region of tergite 5, x 120; (3.17) clump 
of mucous-coated trichoid sensilla , x 300. 
3.18 
3.19 
3.20 
PLATES 3.18-3.20 Sclerocyphon secretus, last instar larva from Browns 
R, tergite 9: (3.18) X 40; (3.19) X 200; (3.20) X 650. 
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'I'welve paired groups of trichoid sensilla in medial region. 
One group to each side of midline on each thoracic and abdominal 
segment (Pl.3.16). Discrete sensilla visible with scanning 
elec·tx:on microscopy (Pl. 3 .. 17) . Beneath light microscope sensilla 
faintly discernible, each group visible as small shining pale mucus-
coated mass. Groups on thorax poorly developed. 
Pronotum with 5 pairs of irregular pits, 4 pairs of circular 
pits, all dark coloured. Meso- and metanotum with 6 pairs of irreg-
ular pits. Irregular pits nearest midline often dark coloured, 
remainder light, all bordered by cuticular beads. 
Four pairs of gin traps present on adjoining margins of ter-
gites 3-4, 4-5, 5-6 and 6-7. Gin traps decreasing in width post-
eriorly. 
Tergite 9 (Pls 3.18-3.20) with 3 upraised longitudinal ridges, 
central ridg<~ largest, tapered, extending to posterior margin. All 
ridges outlined with cuticular beads, beads sparser between ridges 
and posteriorly. Posterior margin produced in semi-circle medially 
with rounded or pointed apex, a sligh·t sinuosity present between 
lateral ridges and apical angles. Lateral margins sloping gently 
outwards. 
Adults can be distinguished by the following combination of 
characters; relatively small elongate-·oval body, densely pubescent 
dorsal surface and two well-defined lateral projections, or barbs, 
on the dorsal penile sclerite or marked lateral projections on the 
vaqinal plates. 
Larvae can be distinguished by the following combina·t.ion of 
characters; 4 gin traps, t:ergite 9 with 3 upraised longitudinal ridges, 
central ridge largest, tapering to posterior margin, posterior marqin 
produc~?"d in semi-circle medially with round or pointed apex, i:l 
sinuosity each side of middle, lateral margins sloping 
outwards, small mucus-coated clumps of sensilla , and 
sparser covering of beads on lateral laminae. 
Adults of s. secretus are unique within the genus Sclerocyphon 
in the possession of two lateral projections or barbs on the dorsal 
sclerite of the male and apparently corresponding lateral 
projec·tions on the vaginal plates of the female. Reasons as ·to 
why such distinctive featur(:;s of the genitalia should be present in 
s. secret us but not. in other species of Sclerocyphon are discussed 
in Section 3.5. 
s. secretus is endemic to Tasmania and is the most common and 
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widespread species of Sclerocyphon in Tasmania. 
S. secretus is given in Chapt.er 4. 
The distribution of 
Some variation is in the larval form of S. secretus. 
Generally larval colour varies according to substrate. Pale, semi-
larvae occur on light-coloured stones, in particular, on 
the quartzitic substrates of many streams in the south-west of Tasmania. 
Darker larvae occur on the darker substrates, in particular, on dolerite 
substrates. Some larvae exhibit disruptive colour with 
regions of and dark coloration. 
The shape of the ninth tergite can vary from the rounded form 
typical of the type locality, Lambert Creek (Figure 3.39) to a more 
pointed form (3.40) common in the Ben Lomond Creek population in 
northern Tasmania. The of the thoraco-abdominal shield can 
from narrow and elongate (Figure 3. 41) to wide and ovoid (Fig-
ure 3.42). A detailed 
described in Chapter 5. 
variation in the ninth 
of larval shape in S. secretus is 
Adults reared from larvae exhibiting 
and t.he shape of the dorsal shield 
3.39 3.40 
1 mm 
1 mm 
3.41 3.42 
Sclerocyphon secretus, last instar larva: (3.39) 
tergite 9 of larva from Lambert Ck, dorsal view; 
(3. 40) tergi te 9 of larva from Ben Lomond Ck, dorsal 
view; (3.41) thoraco-abdominal shield of larva from 
Lambert Ck, dorsal view; (3.42) thoraco-abdominal 
shield of larva from Browns R, dorsal view. Scale 
lines = 1 mm. 
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were all clearly identifiable as S. secretus. 
The specific epithet was chosen to denote the secretive 
habit of both adults and larvae. 
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Scier:ocyphon aquilonius sp.n. 
(Figures 3.43-3.46) 
Material Examined 
Types - QUEENSLAND: (all Crystal Cascades via Cairns) holotype 
~ QM Reg. No. 8469, 6.xii.l966, B. Cantrell, (QU), QM; allotype ~, 
30.xii.l963, G. Monteith, QU. 
Descr 
l.''emale (Figures 3.43-3.45) 
Total length 6.65 rom, head width 1.25 rom, pronotal length 1.45 rom, 
pronotal width 3.8 mm, width between apical angles of pronotum 1.75 mm, 
scutellar length 0.45 rom, scutellar width 0.65 mm, elytral length 5.1 
mm, elytral width 4.55 mm. 
General shape - Widely ovoid, sub-convex beetle. 
Head - Brown. 
Pronotum - Uniformly dark brown, dense coarse pubescence overall 
except glabrous, shining region in middle, above scutellum and some 
small glabrous patches across base. Medial region gently convex, 
sloping to very wide, flattened la·teral margins. Apical angles 
shallow, blunt. Lateral margins yellow. 
Scutellum Brown. 
Elytra - Dark brown laterally and apically, region adjoining 
scutellum and elytral suture (to middle) yellow with brown patches. 
Fine dark pubescence over most of elytra, dark shining region of 
derm, either side of suture, below middle, bordered by large patches 
of coarse white cence. Smaller of coarse white pubes~ 
cenc(" scattered over rest of elytra. Striations visible laterally, 
marked by longit:udinal rows of white pubescence. Medial region 
1 mm 
view. Scale 
1 mm 
Sc.Ierocyphon aquilonius, !f, ventral view, Scale line = 1 mm. 
0.5mm 
'\ 
\ 
E'IGURES 3.45-3.46 Sclerocyphon aquilonius: (3.45) f, holotype, external 
genitalia, ventral view; (3.46) d, external genitalia, 
ventral view. Scale lines = 0.5 mm. 
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flattened, derm shiny, transverse wrinkles extending from scutellum. 
wide, shallow marginal impression, each side 1 below glabrous 
shoulder. Elytra widest beyond middle. Margins very wide, yellow. 
Lc~gs - Femur, tibia and tarsi all brown. 
Thorax - Pro-, meso- and metasternum yellow. 
Abdomen (Figure 3. 44) - Abdomen predominantly brown, 
2, 3 and 4 with yellow patches medially. 
External ia (Figure 3.45) Pair of long, narrow, sclera-
tised hemisterni·tes, setose in distal half, punctate, bearing 2-
segmented styli. Sclerotised rod embedded in vaginal wall between 
hemisternites, long, narrow, broader iorly. Vaginal 
, probably lost in preparation of slide. 
Male (Figure 3.46) 
Total length 5.8 mm, head width 1.25 mm, pronotal length 1.3 mm, 
pronotal width 3.5 mm, width between apical angles of pronotum 1.6 rnm, 
scutellar length 0.45 rnm, scutellar width 0.6 m.m, elytral 4.4 mm, 
width 4.05 mm. 
Similar to female but smaller, pronotum and elytra more 
covered with coarse white pubescence. 
Abdomen - Segment 3 with pubescence at midline, posterior 
produced post.eriox·ly each side of midline. 
e 
External genitalia (Figure 3. 46) - Aedagus symmetrical, tri-
A 
lobate. Parameres long, sclerotised, punctate, tapering to membranous 
t Penis complex, consisting of two sclerites, dorsal 
long, lateral margins tapering to narrow, rounded apex, ventral scler-
ite similar but much shorter, narrower. 
Adults can be distinguished on the following combination of 
characters; relatively 
marginate elytra, 
size, broad, flattened, widely e-
striations with longitudinal rows of 
white pubescence, and long, narrow form of both male and female 
genitalia (Figures 3.45, 3.46). 
Comments 
Only two specimens, one female and one male (subsequently 
designated holotype and allotype) of this species are knowni how-
ever, their distinctive morphology warranted their description as 
a new species. 
The two specimens were present within a sample of 
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s. minimus sp.nov. Crystal Cascades, near Cairns, north Queens-
land. The specific epithet, meaning northern, was chosen to illus-
trate the species apparently restricted northern distribution. 
As no adult-larva association has been obtained. s. type 
A (described below) may be the larva of this species, by virtue of 
its similarly restricted north Queensland dist:r·ibution and very broad 
larval form. Further collection and laboratory rearing of this species 
is now required. 
Sc.Ie.rocyphon armstrongi sp. n. 
(Figures 3.47-3.51, Pls 3.21-3.24) 
Material Examined 
Types - SOUTH AUS'J~RALIA: holotype '? (in spirit with pupal 
exuvium, genitalia dissected, in smaller vial), Dry Creek, Valley 
View, Adelaide, Aug.l963, C. Watts, SAM; allot?Pe ~,same data as 
holotype, SAM. Paratypes: 5 L, •ror:n~ns R, 500 m downstream of 
Torrens Gorge weir, 7. i .1980, J. Ferris, SAM; 5 L, same data as 
preceding sample, NMV. 
Other material. exam.ined - SOUTH AUSTRALIA: 1 '?, 1~, Adelaide, 
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C. Watts; 1 '?with pupal and larval exuviae, 1", Torrens R., 500 m 
downstream of Torrens Gorge weir, 7 .i . . 1980, J. Ferris, emerged in lab., 
1980; 1'?, 1~, 4 Pe, 24 L (7.i.l980), 4 :L (12.vi.l978), 14 L (Jan.198l, 
'rorrens R. , 500 m downstream of Torrens Gorge weir, J. Ferris; 3 L, 1 Pe, 
Deep Ck, Montacute, l8.i.l979, H.B.N. Hynes; 2 L, 'rrib. of Deep Ck, 
at ford, ll.xi.l975, J.E. Bishop, WDW; 3 L, Deep Ck, 0.5 mi from 
Castanbul 1 ll.xi.l975, ,J.E. Bishop, WDW; 10 L, Deep Ck ford, 3.iv.l975, 
l.x.l976, J.E. Bishop, WDW; 9 L, Trib. of Deep Ck, Castanbul, 4.ii.i. 
1977, J.E. Bishop, WDW; 6 L, Deep Ck, lO.v.l976, 28.x.l976, J.E. 
Bishop, WDW; 3 L, Deep Ck, l.vi.l976, P. Suter, WDW; 3 L, Little 
Para R., l.iv.1976, J.E. Bishop, WDW; 5 L, Brownhill Ck Ford, 
20.J:ii.l975, J.E. Bishop, WDW; 9 L, Kangarilla Ck on Meadows Rd, 
2l.x.l976, J .E. Bishop, WDW; 4 L, Sturt R. at Bedford Park, 27 .viii. 
1976, ~J.E. Bishop, WDW; 4 L, 'l'enafeate Ck, Mt. Lofty Ra., Aug.l978, 
P. Harrison, WDW. VICTORIA: .l '? (.labelled: "Scle.rocyphon fuscus 
Armstrong, identified J. Armstrong, holotype") Clarendon, C.J. Hackett, 
SAM; 1 ~. Pe, Le, 1~, 2~, Mt. Emu Ck, Jan.l959, CW; 2 L, Grampians, 
Feb.l955, CW. 
F'emale (Figures 3.47-3.49) 
'I'otal length 5. 45 rom, head width l. 05 rom, pronotal length 
1.2 rom, pronotal width 2.9 mrn, width between apical angles of pro-
notum 1.3 rom, scutellar length 0.4 mm, scutellar width 0.6 rom, 
elytral length 4.2 rom, elytral width 3.45 mm. 
General shape 
Head - Brown. 
Elliptic, subconvex beetles. 
Pronotum - Brown, dense coarse ashen pubescence, sparse in 
medial region, derm, where visible, punctate, moderately shiny. 
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Six dense patches of coarse pubescence across basal region. Margins 
yellow, straight laterally, deflexed forwards in anterior region 
curving around to blunt apical angles. 
Scutellum - Inner region dark brown, edges lighter. 
Elytra - Dark brown, medial region lighter, elytral suture 
bordered on each side by narrow, yellow strip. Fine ashen pubescence 
overall small clumps of dense, coarse pubescence in longitudinal 
rows between striae. Elytra gently convex, medial region flattened, 
greatest width attained at apical third. Wide shallow transverse 
marginal impression on lateral margin in basal third. 
narrow, yellow. 
Legs Femur dark brown, tibia brown, tarsi yellow. 
Lateral margins 
Thorax - Pro- and mesosternum yellow, metasternum dark brown, 
antecoxal piece yellow, remainder dark brown. 
Abdomen (Figure 3. 48) - Segments 1-5 with dark brown/light brown 
colour pattern, narrowly outlined with yellow. 
External genitalia (Figure 3,49) - Pair of sclerotised hemi-
sterni tes punctate, setose distally, bearing 2-segrnented styli. 
1 mm 
FIGURE 3.47 Sclerocyphon armstrongi, ~' holotype, dorsal view. Scale 
line = .1 nun. 
l!'IGURE 3 
1 mm 
Sclerocyphon armstrongi, ~, holotype, dorsal view. Scale 
line = 1 nun. 
~5mm 
FIGURES 3.49~3.50 Sclerocyphon armstrongi: (3.49) ~external genitalia, 
ventral view; (3.50) if external genitalia, ventral 
view. Scale lines = 0.5 mm. 
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Sclerotised rod, embedded in vaginal wall between hemist"ern.ites, 
expanded medially, broader posteriorly than anteriorly. Pair of 
sclerotised plates, embedded in anterior dorso-lateral vaginal walls, 
broad anteriorly, tapering to narrow apex posteriorly. 
Male (Figure 3.50) 
Total length 4.25 rnm, head wid·th 0.9 mm, pronotal length 0.95 mm, 
pronotal width 2. 3 nun, width between apical angles of pronotum L l rnm, 
scutellar length 0. 35 rnm, scut.ella:r width 0.4 mm, elytral length 3. 25 
mm, el.ytral width 2.7 mm. 
Similar to female bu·t smaller. 
Elytra - Pa·tches of pubescence .less regular than female, anterior 
medial region relatively glabrous, transve~se wrinkles extending from 
suture visible. 
e 
External genitalia (Figure 3.50) - Aedagus symmetrical, trilobate. 
" 
Parameres scleroti.sed, punc-tate, narrowing to membranous tips. Penis 
complex, consisting of two sclerites, dorsal sclerite narrow, lateral 
margins tapering to rounded apex, ventral sclerite similar, smaller. 
Last instar larva (Figure 3.51, Pls 3.21-3.24) 
Total length 8.9 rnm, total width 4.8 mm, length of ninth tergite 
1.2 mm, width of ninth tergite 1.6 rnm. 
General shape - Narrow elongate t.horaco-abdominal shield, widest 
at tergi te 1, t"apering to ·tergi te 9. 
Dorsal surface - Medial region brown, tergi·tes 1, 2 and 6 with 
pair of yellow patches, tergites 3, 4, 5, 7 and 8 with dark brown 
patches. Pronotum wi·th light. region above each eye, dark brown over 
head. Lateral laminae lighter, 3 alternating regions of colour: 
yellow, brown, yellow. 'I'ergite 9 dark brown with yellow Y-shaped 
patch at centre of base. 
Entire marginal fringe of setae wi·th two bands visible; narrow, 
FIGURE 3.51 
I._...._..J 
1 mm 
Sclerocyphon armstrongi, last instar larva, paratype, dorsal 
view. Scale line = 1 mm. 
3.21 
3.22 
PLATES 3.21-3.22 Sclerocyphon armstrongi, last instar larva from Torrens 
R: (3.21) clumps of mucous-coated trichoid sensilla 
in mid-dorsal region of tergites 5, 6 and 7, x 100; 
(3.22) clump of mucous-coated trichoid sensilla , x 400. 
3.23 
3.24 
( 
PLATES 3.23-3.24 Sclerocyphon armstrongi, last instar larva from Torrens 
R, tergite 9: (3.23) x 40; (3.24) x 650. 
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light brown inner ,,ection, wide transparent outer SfJcticm. somE:~ 
setae brown for entire length. 'l'railing of all laminae with 
fringe of fine setae. 
Dense, uniform covering of sclerotised, pointed, cuticular beads 
over entire dorsal surface except for bare narrow strip along posterior 
of latex.·al laminae of tergites 1-8. Dark, denser clump of 
beads at junction of laminae and abdomen on tergites 1-8. 
Pores, visible as shining yellow dots, scattered throughout 
medial region, smaller on lateral laminae. Two denser regions of 
pores on each side of ecdysial scar, each side of midline, on tergites 
1~8, some with grey shining coat of mucus, some with fine hairs 
protruding from pores. 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensilla visible only with scanning electron microscopy 
(Pls 3. 21, 3. 22) . Beneath light microscope each group visible as 
shining, grey, ell mucus-coated mass. Largest groups on 
l-4. 
Pronotum with 5 of irregular 
, lateral 3 dark, and one pair of 
, 4 pairs of circular 
anteriorly. Meso- and 
metanotum with 6 
on each side, dark. 
of irregular pits, second pit from midline, 
All other pits light-coloured. 
Three pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5 and 5-6, all similar width. 
'rergite 9 (Pls 3.23, 3.24) without distinct ridges, base with 
light, shining mucus~coated Y-shaped , highest at anterior 
Cuticular beads densest at 
Posterior margin produced in 
, sloping to 
base, sparser near 
a regular semi-circle 
uosity, apical 
margin. 
margin. 
, bordered on each side by concave sin-
rounded, lateral margins curved. Broadly tri-
angular outline overall. 
s 
Adults can be distinguished by the following combination of 
characters; elliptic subconvex body (neither as elongate as 
S. striatus nor as broad ass. zwicki), nearly entire covering 
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of ashen pubescence v;ith small white clumps in longitudinal rows 
between striae, moderately shining dorsal surface, and. narrow elong-
ate penile sclerites or anteriorly widened vaginal plates. 
Larvae can be distinguished by the following combination of 
characters: 3 gin , the form of tergite 9 with its broadly 
triangular outline, posterior margin produced in regular semi-circle 
bordered each side by concave sinuosity and lack of upraised ridges, 
and elliptic medial clumps of trichoid sensilla • 
Comments 
Despite the fact that a specimen of this species, labelled 
"Sclerocypllon fusctlS Armstrong, holotype", is held in the South Aus-
tralian Museum, no formal description of S. fuscus exists. Bertrand 
and Watts (1965) mentioned the species "Sclerocyphon fuscus Armstrong 
in litt." in their review of Sclerocyphon larvae, thus creating a 
nomen nudum. 
The description given here the first description of 
the species, the epithet: has been chosen to honour J. Arm-
strong's initial recognition of the species. 
Present distribution records indicate that this species is 
rest:ricted to the south-east of South Australia and west.ern Victoria. 
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Sciorocyphon lacustri.s sp. n. 
3.52-3.56, Pls 3.25-3.27) 
Material Examined 
Types -TASMANIA (all Interlaken Point, Lake Sorell, coll. 
J.A. Smith): holotype ~. in spirit with and larval exuviae, 
('rM • No. Fl331), 6.xii.1978; allotype d', in spirit with pupal 
and larval exuviae, (TM • No. F1332), 28.xii.1978. Paratypes: 
1 ?, 13.xii.l978, 1 c!, 24.xi.l978, 5 L, 2.x.l979, ANIC; 1 ~ (TM Reg. 
No. F1333) 6.xii.1978 1 1 d' (TM Reg. No. 1334), 6.xii.1978, 5 L (TM 
Reg. No. 1335), 2.x.1979, 'rM; 1 ?, 1 d' 1 in spirit with genitalia 
dissected, in smaller vial, 1 ~~ 1 d', dried, 6.xii.1978, 5 L, 2.x.l979, 
NMV. 
Other material examined- TASMANIA: 28 ~?, 22 d'd', plus pupal 
and larval exuviae, Interlaken Point, Lake Sorell, larvae call. Oct. 
1978, J.A. Smith, emerged in lab. Nov. and Dec. 1978; 3 ~~~ 2 d'c:!, Inter-
laken Point, Lake Sorell, 30.xii.l978, J.A. Smith; 2 ?~, 1 d', Inter-
laken Point, I,ake Sorell, 29.xii.l978, A.M.M. Richardson; 1 L, Lake 
Sorell, 12.v.1975, B. Knott; 13 L, Lake Sorell, 6.iii.l975, J.A. Smith; 
14 L, Canal between Sorell and Lake Crescent, 6.ii.i.l975, J.A. 
Smith; 1 L, Lake Crescent, 1973, P. Roberts; 3 L, Lake Pillans, 1.6.ii. 
1963, W. Mollison; 4 L, Lake Field (Central Plateau}, 25.ii.1978, 
W. Fulton; 1 L, Little Blue Lake, nr Lake , 20.ix.1978, V. Dell; 
2 SS, 13 L, Ada Lagoon, 22.1.1979, W. Fulton; 10 L, Lake Ada, 22.i.l979, 
W. Fulton; 6 L, Lake Baillie, 22.i.1979, W. Fulton; 1 ~. 5 L, Talinah 
Lagoon, 20.i.1979, W. Fulton; 4 !J, Interlaken, Lake Sorell, Feb.1963, 
WDW; 5 L, Pine Lake, Feb.l963, WDW; 3 L, Dove Lake, nr Cradle Mt., 
Feb.1963, WDW; 1 L, Clarence I,agoon, 1963, WDW; 1 L, Lake Augusta, 
1963, WDW; 4 L, small unnamed lagoon between Lake Ada and Lake 
, Feb.l963, WDW; 1 L, Dove Lake, Cradle Mountain-Lake St. Clair 
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National Park, 10.LL1967, E.E'. Riek, ANIC; 2 r_,, Dove Lake, 18.x.1972, 
PZ; 1 L, Shadow I~ake, nr Lake St. Clair, 10.x.1972, PZ; 10 L, Lake 
Sorell, 16.x.1972, PZ; 3 L, Lake Crescent, J.S.x.l972, PZ; 2 L, Great 
Lake, northern end, from ditch of still water, Jan.1953, CW. 
Female (Figures 3.52-3.54) 
Total length 6.0 mm, head width 1.1. mm, pronotal length 1..25 mm, 
pronotal width 3.0 mm, width between apical angles of pronotum 1.3 tmn, 
scutellar length 0.4 mm, scutellar width 0.5 mm, elytral length 4.6 mm, 
elytral width 3.6 mm. 
General shape - Elongate-elliptic subconvex beetle. 
Head - Dark brown/black. 
Pronotum Uniformly dark brown overall, covering of fine ashen 
pubescence, dense laterally, sparser medially where moderately shiny, 
punctate derm visible. Small irregular clumps of coarse white pubes-
cence across middle. Medial region convex, lateral margins wide, 
flat, yellow. 
Elytra - Uniformly dark brown, almost black, covering of :fine 
ashen pubescence overall, denses·t laterally and apically. Apical third 
with small clumps of dense, coarse white pubescence. Medial region of 
basal third with some glabrous patches, derm moderately shining, trans-
verse wrinkles extending from suture. Elytra widest at apical third, 
gently convex, medial region flattened. , very shallow, trans-
verse marginal impression on lateral margin, in basal third, on each 
side. Lateral margins narrow, yellow. 
Legs - Femur black, tibia black, tarsi brown. 
Thorax Pro- and mesosternum yellow, metasternum black, 
an·tecoxal piece yellow. 
1 mm 
FIGURE 3.52 lacustris, 'f., , dorsal view. Scale 
\ 
1 mm 
FIGURE 3.53 Sclerocyphon lacustris, ~~ holotype, dorsal view. Scale 
line = 1 mm. 
0.5mm 
3.54 
3.55 
0.5mm 
.. 
. . 
FIGURES 3.54-3.55 Sclerocyphon lacustris, ~ external genit;.alia, ventral 
view; (3.55) d external genitalia, ventral view. 
Scale lines = 0.5 mm. 
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Abdomen (F'igure 3. 53) - Segments 1-4 black medially and 
laterally, narrowly outlined with yellow, remainder Light brown. 
Segment 5. black overall. 
External genitalia (Figure 3.54) - Pair of sclerotised hemi-
sternites punctate, setose distally, bearing 2-segmented styli. Sclero-
tised rod, embedded in vaginal wall between hemisternites, expanded 
at middle, narrow anteriorly and posteriorly. Pair of sclerotised 
plates, embedded in anterior dorso-lateral vaginal walls, relatively 
long, expanded anteriorly. 
Male (Figure 3.55) 
Total length 4.7 mm, head width 0.1 mm, pronotal length 1.0 mm, 
pronotal width 2.6 mm, width of pronotum between apical angles 1.15 mm, 
scutellar length 0, 35 mm, scutellar width 0. 45 mm, elytral length 3. 6 mm, 
elytral width 2. 9 mm. 
Similar to female but smaller, lighter brown, sparser and more 
irregular covering of ashen pubescence. 
e 
External genitalia (Figure 3.55) - Aedagus symmetrical, trilobate. 
" 
Parameres sclerotised, punctate, relatively short, narrowing to mem-
branous tips. Penis complex, consisting of two sc1erites, dorsal 
sclerite wide anteriorly, lateral margins tapering to rounded apex. 
Ventral sclerite narrower but nearly as long as dorsal sclerite. 
Last instar larva (Figure 3.56, Pls 3.25-3.27) 
Total length 9. 5 mm, total width 5. 5 mm, length of ninth tergi te 
1.6 rnm, width of ninth tergite 1.9 mn. 
General shape - rnongate-·ell.iptic thoraco-abdominal shield, 
widest at metanotum/terg:Lte 1, tapering to tergite 9. 
Dorsal surface - Medial region dark brown/black, yellow patches 
on tergites 1, 2, 3 and 5, 6, 7, tergites 4, 8 and 9 completely dark. 
FIGURE 3.56 
1 mm 
Sclerocyphon lacustris, last instar larva, paratype, dorsal 
view. Scale line = 1 mm. 
3.25 
3.26 
3.27 
PLATES 3.25-3.27 Sclerocyphon lacustris, last instar larva from Lake 
Sorell, tergite 9: (3.25) x 40; (3.26) x 200; (3.27) 
X 650. 
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Lateral laminae light brown with yellow patch near margin. 
Entire marginal fringe of setae with 2 bands visible, narrow, 
yellow inner sect. ion, wide transparent outer section. Overlying 
this a sparser irregular of dark brown, randomly orientated 
setae, slightly longer than regular fringe. Trailing edge of lateral 
laminae with fringe of fine transparent setae plus some longer dark 
brown, randomly orientated setae, denser towards lateral margins. 
Fairly uniform covering of large,dark,pointed,cuticular beads. 
Da.rk denser clumps of beads at junction of lateral laminae and body 
on tergites 1-8. Medial region with beads smaller than ·those on 
lateral laminae, beads sparser towards ends of laminae. 
Pores scattered over entire surface, densest regions, beneath 
coat of shining, grey mucus, between pits on pro-, meso- and metanotum 
and extending across tergites 1-8 with two main regions, each side of 
ecdysial scar, each side of midline. Some pores with fine hairs. 
Twelve paired groups of trichoid sensilla in medial region, 
one group to each side of midline on each thoracic and abdominal seg-
ment. Discrete, shining, grey, mucus-coated sensilla visible, in 
elongate-oval clumps, each pair widely separated across midline. Some 
clumps with long, shining, backward-trailing hairs. 
Pronotum with 5 pairs of irregular pits and 4 pairs of circular 
pits. Meso- and metanotum with 6 pairs of irregular pits. Most pits 
dark, some pale, all bordered by beads. 
Four pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5, 5-6, 6-7. Three anterior pairs wide, posterior pair. narrow. 
Upper margin of each gin trap finely sclerotised, lower margin darker, 
heavi sclerotised. 
'l'ergite 9 (Pls 3.25-3.27) with faintly upraised central ridge 
extending only ·to middle of tergi te, not the apex, plus a lesser ridge 
on each side, all outlined by beads. Posterior region flattened, 
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beads sparse. Posterior margin produced medially in deep regular 
semi-circle l::xndered each side by a concave sinuosity, apical anqles 
curved. Lateral margins sloping, slightly curved. 
Adults can be distinguished by the following combination of 
characters; elongate-elliptic body, dense 
uniform colour, moderately shining derm, 
ites or long anteriorly expanded vaginal 
of fine pubescence, 
wide penile scler-
Larvae can be distinguished by the following combination of 
characters; 4 gin , tergite 9 with i·ts weakly upraised short 
outlined with cuticular beads and margin produced in 
a , regular semi-circle, cuticular beads with pointed apices {best 
seen by scanning electron microscopy} , discrete mucus-coated sensilla 
mid-dorsally in elongate clumps, and the many fine ex-
tending from pores over the entire dorsal surface. 
s. lacustris is endemic to Tasmania and it appears to be restricted 
to the wave-swept rocky shores of the lakes of the Central Plateau. 
The specific epithet. has been chosen to emphasize the lake-dwelling 
existence of the 
Large numbers of larvae are present in Lake Sorell, one of the 
few lakes of the Central Plateau unaltered hydro-electric development. 
Last instar larvae leave the water to pupate under logs and rocks at 
t.h<-:! lake ' s edge. Approximately 150 pupae were counted beneath one log 
on t:he bank although the numbers of larva": in the lake adjacent to this 
had always been considerably lower. As Lake Sorell is a 
shallow lake larval distribution probably extends over most of it, where-
ever a suitable rocky substrate is present, with larvae only congregating 
in large numbers at suitable, but more restricted, pupation sites 
on the shore. 
Adults and larvae were linked both by the rearing of adults 
from larvae held in the laboratory and field collection of newly 
emerged adults still associated with their larval and pupal. exuviae. 
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A heavier coating of mucus and profusion of extra setae on the 
dorsal shield were observed more often on the larvae of this lake-
dwelling species than on most stream-dwelling species and therefore 
may be regarded as a response to some environmental factor (or factors) 
more prevalent under lake conditions than stream conditions. Temp-
erature fluctuations within the shallow Plateau lakes are probably 
much greater than those experienced in most Tasmanian streams. Wave 
action on the lakes is dependent upon prevailing wind conditions and 
still water conditions may exist for considerable periods of time. 
•rhe increased production of se·tae and mucus may be a res:ponse to 
fluctuations in temperature or periodical still conditions. 
Material 
Sclerocyphon minimus sp.n 
(Figures 3. 57 - 3. 61) 
Types - QUEENSLAND: (all Crystal Cascades via Cairns, G. Monteith 
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• 
QU) holotype 'l, QM Reg. No. 8467, 30.xii.1963, QM; allotype d', 22.ii.19.64, 
QU. Paratypes: ld', ld' (with genitalia dissected, in vial), 6~'l, 7d'd', 
30.xii.1963, QU; 7'l~, 6d'd', 22.xii.l965, QU; 1~, 6.xii.l966, B. Cantrell, 
QU; H, ld',30.xii.1963, ANIC; 2~!?, 2d'd'~ 30.xii.1963, NMV. 
Other material examined QUEENSLAND: H, lld'd' (29.xii.1964), 3SS 
(5.xii.1965), all Henrietta Ck,, Palmerston Nat. Park, G. Monteith, QU; 
4'l!~, Mossman Gorge via Mossman, 25-26.xii.1964, G. Monteith, QU; H, ld', 
Gap Ck., 6 mi. N of Bloomfield R., 13.xi.1965, G. Monteith, QU; 3'il'i!, 2d'rt, 
Gap Ck., 5 mi. N of Bloomfield R., 1.3.xi.1965, G. Monteith, QU; 2'l'i', 2d'd', 
Upper Daintree R. via Daintree; 27.xii.1964, G. Monteith, QU; l'i', ld' 
(15.xii.1966), 4r!d' (15.xi.1969), all "The Boulders'' via Babinda, B. Cantrell, 
QU; l'i' (9.1.1964), 1'i' (4.xii.1965) all Millaa Millaa Falls, G. Monteith, 
QU; 1d',Mcivor R., 40 mi. N of Cooktown, 7.v.1970, G. Monteith, QU; 1d', 
Millers Crossing, 30 mi. N of Cooktown, 24-25.xi.1965, G. Monteith, QU; 
H, Laceys Ck., Mission Beach 1 21.iv.1970, G. Monteith, QU; H, Upper 
Mulgrave R., 1-3.xii.1965, G. Monteith, QU; 1'i!, Paluma Dam, 27.xii.1963, 
G. Monteith, QU; l'i', 1d', Mt Mee via Dayboro 1 12,iii.19671 K.J. Chandler, 
QU; 7~~. 6d'r! (23.1.1965), 2~~ (29.1.1965), ld' (5-6.xii.1965), 2~~, 3d'd' 
(Jan. 1965), H (17-23.1.1966), 5~~, 3d'd' (Feb. 1966), 1't (14.xii.1966), 
ld' (l6.xi.l966), 2d'd' (26,xi.1966), ld' (10.xii.1966), 4d'd' (3l.iii.l967), 
6d'd' (2.iv.1967) all Cardstone, J.G. and J.A,G. Brooks, ANIC; 2~?, 4d'd' 
(ii.1966), 1? (1.ii.1966), 1S, 1d' (2.ii.1966), 1? (17-23.11.1966) all 
Cardstone, K. Hyde, ANIC; 3'i'~ (Dec. 1964)r 1~ (28.xii.1964) all Archers 
Ck., J.G. Brooks, ANIC; 3d'd', Koomboologoba, Dec. 1964, J.G. Brooks, ANIC; 
2?~, 2d'd', Station Ck., Jan. 1964, J.G. Brooks, ANIC; 2~~. 2d'd', Mossman 
Gorge rainforest, at light, 28.x 1966, E.B. Britton, ANIC; 1~, Boar 
Pocket Rd •• 8 km N of Gillies Hwy, at light, 21.Li.l970, J .G. Brooks 
ANIC. 
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NEW SOUTH WALES: 1~, Minnamurra Falls, 10 mi. N Kiama, 23.xii.1974, 
H. and A. Howden, ANIC; 5'i1!?., 6ctd', Minnamurra Falls, via Kiama, 9.i.l967, 
G. Monteith, QU; 5'i1'i1, 7ctct, Barrington House, via Salisbury, 7.i.1967, 
G. Monteith, QU; lS, Gloucester, ll.v.l946, H.J. Carter, ANIC; l'i1, 
Williams R., Dungog, xi.1926, H.J. Carter, ANIC; l'i', Williams R., x.1926, 
H. ,J. Carter, ANIC. 
Female (Figures 3.57 - 3.58, 3.60) 
Total length 3.8 mm, head width 0.8 mm, pronotal length 0.7 mm, 
pronotal width 2,15 mm, width between apical angles of pronotum 0.95 mm, 
scutellar length 0. 3 rnm, scutellar width 0. 35 rnm, elytral length 3. 05 mm, 
elytral width 2.65 mm. 
General shape - Small, oval, convex beetles. 
Head - Light brown. 
Pronotum- Light brown with some yellow patches, fine dense pubescence 
laterally, relatively glabrous, derm medially, some glabrous patches 
along base. Medial region gently convex, sloping to lateral margins. 
Lateral margins narrow, yellow. Apical angles sharp. 
scutellum- Light brown outlined with yellow, nearly as broad as 
long. 
Elytra- Dark brown apically and laterally, medial region adjoining 
scutellum and elytral suture (to middle) yellow, relatively glabrous, 
derrn shining, punctures and fine transverse wrinkles visible. Apical 
third with dark brown glabrous crescent, on each side of suture, bordered 
anteriorly and posteriorly by coarse white pubescence. Fine ashen pubes-
cence plus clumps of coarse white pubescence apically and laterally. 
1 mm 
FIGU!:3.E 3. 57 Sclerocyphon min.imus, ii', holotype, dorsal view. Scale 
line = 1 mm. 
, 
I 
1 mm 
Sclerocyphon minimus: (3. 58) ~, holotype, ventral 
view; (3 . 59) d', abdomen, ventral view. Scale line 
= 1 mm. 
L 0.5mm 
3.61 
0.5mm 
E'IGURES 3. 60-3.61 Sclerocyphon minimus: ( 3. 60) 'i1, external genitalia, 
ventral view; (3 .61) <!, external genitalia, ventral 
view. Scale lines = 0.5 mm. 
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Striations visible in lateral regions. Elytra convex, gently 
sloping from suture to lateral margins, sharply sloping in apical region, 
widest just past midpoint then curving quickly around to apex. Shallow 
transverse marginal impression, on each side~ below glabrous shoulder. 
I1ateral margins narrow, low. 
Degs ~ Femur dark brown, t.ibia and tarsi yellow. 
Thorax - . Pro-, meso- and metanotum and antecoxal piece yellow. 
Abdomen (Figure 3.58} - Predominantly brown, yellow medially. 
External genital.ia (J>aratype} (Figure 3 .60) - Pair of sclerotised 
hemisternites,punctate, setose distally, bearing 2 segmented styli. 
Sclerotised rod embedded in vaginal wall between hemisternites, broad 
expanded at middle. Pair of sclerotised plates, enfuedded in anterior 
dorso-lateral vaginal walls, with strongly sclerotised convoluted anterior 
margin tapering to long, narrow apex. 
Male (Figures 3.59, 3.61) 
Total length 3.2 mm, head width o. 75 mm, pronotal length 0,7 mm, 
pronotal width 1.75 mm, width between apical angles of pronotum 0.8 mm, 
scutellar length 0,25 mm, scutellar width 0.25 mm, elytral length 2.45 mm, 
elytral width 2.2 rnm. 
l'ronotum- Covered entirely with ashen pubescence. 
El - Dense, ashen pubescence overall except for two pairs of 
glabrous. dark brown patches, either side of medial line, anterior pair 
' 
extending in crescent from suture, just past midline, posterior pair 
extending in narrow strip from suturer near apex. 
Abdomen (Figure 3,59} - Segment 3 upraised and strongly produced 
posteriorly either side of midline,- thick pubescence parted along midline, 
sweeping to either side. Segment 2 with similar midline part in pub-
escence but only weakly produced posteriorly. 
Externa.l genitalia (Paratype. Figure 3 .61) -, e. . Aedagus symmetr~cal, A 
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t·.r.·:!.Jt,boto. l'l:iJ:'•'Jmon.:;g r;;c:l(::J:rot:i.sed, punctate, narrowing to membranous 
tip. Penis complex, consisting of two sclerites, dorsal sclerite 
wide, lateral margins tapering t.o rounded apex, ventral sclerite sim-
ilar but shorter, narrower. , 
Adults can be distinguished by the following combination of charact-
ers; oval , convex body and brown/light brown dorsal surface with fine 
pubescence and one or two glabrous crescents either side of suture at 
midline and apex of elytra, Males are easily recognised by the midline 
parting in pubescence and the posterior prolongation of abdominal segment 
3, also present, but to a lesser extent, on segment 2. The two vaginal 
plates with strongly sclerotised and convoluted ante:x:·ior margins and 
long narrow apices are also diagnostic. 
Comments 
The specific epithet was chosen in recognition of the fact that 
many members of this species represent the smallest beetles of Sclero-
cyphon found so far, some males being only 3 millimetres in total length. 
No larval form has been linked with this adult yet, however it is 
probable that one of the larval types described below may be the larva 
of this species, In particular, S type C exhibits a similar pattern of 
distribution; however, laboratory rearing of adults from larvae is 
needed for a positive adult-larva assocation. 
The distribution of this ranges from the Mcivor River, 
40 miles north of Cooktown, in north Queensland, to Minnamurra Falls 
near Kiama on the south coast of New South Wales. However, this species 
appears td be a predominantly northern one as the greatest number of 
beetles have been recorded from the Cairns-Atherton district of north 
Queensland. 
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Sclerocyphon nitidus sp, n, 
(Figures 3,62 _ 3.65) 
Material 
Types- QUEENSLAND: holotype ~, Lamington National Park, QM 
Reg. No. 8468, 2l.xi.l965, B. Cantrell, QM; allotype d' (genitalia 
dissected, in vial), National Park, Jan. 1928, H.J. Carter, ANIC. 
Paratypes: (all Lamington National Park, 21.xi .1965) . H, B. Cantrell , 
(QU) ANIC; U, T. Weir (QU) NMV; 3!i!~ (genitalia of one dissected, in 
vial) T. Weir, QU. 
Other material examined_ QUEENSLAND: 4'i''i' Durimbah, Jan. 1964, 
' 
Call?, SAM; 1<?, National Park, Macpherson Range, Jan. 1928, H.J,. Carter f 
ANIC. NEW SOUTH WALES: l'i' National Park, date?, Lea, SAM; 1'i' Whian 
I 
m1ian State Forest, via Dunoon, 700 25-56.xi.1972, G. Monteith. QU. 
Female (Figures 3.62-3.65) 
'I'otal length 6.3 mm, head width 1.2 mm, pronot.al length 1.2 mm, 
pro notal width 3. 5 mm, width be·tween apical angles of pronotum 1, 5 mm, 
scutellar length 0.4 mm, scutellar width 0.5 mm, elytral length 5,0 mm, 
elytral width 4.65 mm. 
General shape - Relatively large, very convex, oval to circular 
beetles. 
Head - Red-brown. 
Pronotum Medial region red-brown with irregular black patches, 
lateral regions red-yellow. Medial region relatively gl~brous, shining, 
punctate, convex with medial line faintly visible. Lateral regions wi·th 
fine, dense, ashen pubescence, flattened, Apical angles blunt. 
1 mm 
FIGURE 3.62 Sclerocyphon nitidus, 'i', holotype, dorsal view. Scale line 
= 1 mm. 
''-'----·....JJ 
1 mm 
_. ______ 3 __ .~6~3 Sclerocyphon nitidus, ~~ holotype, ventral view. Scale line 
= 1 mm. 
F'IGURES 3.64-3. 
3.64 
0.5mm 
Sclerocyphon nitidus: (3. 64) !il, external genitalia, 
ventral view; ( 3. 65) cJ, external genitalia, ventral 
view. Scale lines = 0.5 mm. 
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Scutellum - Red. 
Elytra - Red-yellow with some small dark patches, in medial basal , 
rr:;gion and either side of suture to middle, black laterally and apically, 
Medial basal region glabrous, shining, punctate, transverse wrinkles 
ex·tending from su·ture visible. Small clumps of coarse white pubescence 
scattered over entire surface, densest laterally and above and below 
dark, glabrous patch in middle third. Very deep, wide transverse marginal 
impression below shoulder on each side. Elytra very convex, broad and 
raised in comparison to pronotum highest and widest at middle. Striations 
, 
visible laterally and apically, ou·tlined by longitudinal rows of pubescence. 
Margins very wide, flat, yellow. 
Thorax- Pro- and mesosternum yellow, metasternum black with ante-
coxal piece yellow. 
Legs - Femur black, tibia brown, tarsi yellow. 
Abdomen - (Figure 3. 63). All segments predominantly light, red-
yellow, with black patches medially, 
Bxternal genitalia (Paratype, Figure 3, 64) ... Pair of sclerotised 
hemisterni tes, wide proximaLly. narrow and setose distally punctate, , , 
bearing 2-segmented styli. Sclerotised rod, embedded in vaginal wall 
between hemisternites, expanded at middle. Sclerotised plates embedded 
in anterior dorso-lat.eral vaginal walls, long and narrow, anterior and 
posterior apices pointed. 
Male {Figure 3.65) 
Total length 4.4 mm, head width 0.95 mm, pronotal length 0.95 mm, 
pronotal width 2. 45 mm, width between apical angles of pronotum 1. 2 rom, 
scutellar length 0. 3 mm, scutellar width 0. 4 rom, elytral length 3. 35 mm, 
elytral width 3.1 mm. 
Similar to female but smaller. 
Abdomen - Segment 3 with pubescence parted at midline. 
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(l 
i:a.Ua (Allotype, Figure 3, 65) - Aed,..,.agus symmetrical. 
trilobate. Pararneres narrow sclerot:ised punctate, with membranous 
·' , 
tips. Penis complex, consisting of two sclerites, dorsal sclerite 
short with lateral margins tapering to narrow apex, ventral sclerite 
similar but not as long, also narrower. 
Adults can be distinguished by the following combination of charact-
ers; shining dorsal surface elytra broad in comparison to pronoturn, swollen 
' 
with greatest height and width at middle and wide flattened margins and , 
the form of the penile sclerites or vaginal plates (illustrated in 
Figures 3.65 and 3,64, respectively}. 
Althoug?l only a limited number of' specimens were examined 
(13~~ and lif) their distinctive morphology warranted their description 
as a new species. The specific epithet 1 meaning "shining" was chosen 
because of the extremely shiny dorsal surface exhibited by all specimens. 
As yet no adult-larva association has been obtained, It is possible 
that S type D (described below) is the larval form of this species by 
• 
virtue of its similar distribution, (it has been recorded only in Laming-
ton National Park). 
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Sderocypbon zwicki sp.n. 
(Figures 3.66- 3.70, Pls 3.28- 3.30) 
Types -VICTORIA: holotype ~. Macalister-Barkly R.jn, Lyndon 
E'lat, MV light, 6.xii.1977, NMV-SD; allotype c!, same data as holotyper 
ANIC. Paratypes: 4~~. lc!, same data as holotype, NMV; 5 Macalister-
Barkly jn, Lyndon Flat, 24.ii.l978, NMV_so, NMV. 
Other material examined VICTORIA:- 2~~. 6c!c!, Thomson R., Bells 
Clearing, MV light, 2.xii,1977, NMV-SD. H with pupal and larval exuviae, 
'I'anjil R. at Old Tanjil, 24.1.1979, A Glaister, emerged in lab. 26.vii,1979; 
2~~, Chain Bay Stream, Mt, Butler, B.i.1973, PZ; 10 L, Thomson sites 
(Appendix A), 25.xi.1976-2.iii.l978 NMV-SD; 26 Thomson R. sites 
(Appendix A), 27.xi.1979-29,v.1980, NMV-SD; 6 L, Caledonia R, below jn. 
of branches, 30.xi.l976-22,ii.1978, NMV-SD; 3 L, Dingo Ck, Caledonia R 
track 30.xi.l976 NMV-SD; 37 L Macalister-Caledonia R.jn lxii 1976·-
f 1 ' , , ., • 
24,11.1978, NMV-SD; 3 L, Snowy Ck, 8 km SE Mitta Mitta R., 10,11.1978, 
7 • .Ui.1977, NMVSD; 15 L, Mitta Mitta R, sites (Appendlx A), 6.iii.1977-
15.xi.1977, NMV-SD; 1 L,Howqua R., 28.,ii_I971, WDW; 1 L, Ovens R. east 
branch 23.ii,1972 PZ; 1 L Ovens R., 23.ii.1972, PZ; 1 L, Tawonga, 
, f ' 
22.ii.1971, PZ; 1 L, Delatite R., 23.vii.1971, H.B.N. Hynes; 2 L, Yarra 
R., Milgrove 29,x.l979, J. Smith, CIT; 1 Latrobe R. at Hawthorn Ck 
jn, 1.x.ii,1978, P. Suter. NEW SOUTH WALES: 9~~, 4c!<f, Barrington House, 
via Salisbury, 7,i,l967, G. Monteith, QU; 1~, with pupal and larval exuviae, 
Geehi R., 6.i,l973. PZ; 1 L, Geehi R , 7 •. i.1973 PZ; 1 L Geehi R. Alpine 
r .. I I , 
Snowy R, date?, PZ; 15 L ·Upper Allyn R 16 ii. 
, "" , . 
1966 E.:E'. R:iek, ANIC; 1 I", Michelong Ck Wee Jasper 25,iv.1963, E.!!" , , , . 
ANIC; 1 L, Kiandra, 21.LL1962, E.F. Riek, ANIC; 1 Cabboage 
'rree Ck, Canberra~Coast: Rd, 7 vii.l965, E. B. Britton, ANIC 
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Female (Figures 3.66 ·- 3.68) 
Total length 7. 7 mm, head width 1. 4 mmr pronotal length 1. 5 mm, 
pronotal width 4. 3 mm, width of pronotum between apical angles 1. 9 mm, 
scutellar length 0.6 mm, scutellar width 0.7 mm, elytral length 6.1 mm 
elytral width 5.0 rnm. 
General shape_ Relatively large, broadly ovate beetle. 
llead _ Black, red ring around eye pubescence 
If 
along midline. 
P.ronotum- Medial region black with red patches, lateral regions red-
brown. Medial region relatively glabrous, derm shining, minute punctures 
visible lateral and basal regions with fine ashen pubescence. Region 
f 
above scutellum with dense patch of ashen pubescence. Medial region 
gently convex, lateral regions wide, flattened. Lateral margins yellow, 
finely crenulate anteriorly. 
Scutellum_ Red,-brown. 
Elytra -Black with small irregular patches of red-brown. Region 
adjacent to scutellum black bordered by red-brown strip extending from 
anterior margin around to elytral suture. Dense fine pubescence over 
most of elytra plus some small cl~ps of coarse white pubescence, densest 
at basal third and apical third,. bordering black, glabrous region, either 
side of suture, in middle third. Anterior medial region relatively 
glabrous moderately shining. punctate with transverse wrinkles extend-t , 
ing from elytral suture. Deep transerve marginal impression on lateral 
margin in basal third. Elytra swollen with greatest height attained at 
middle, greatest width at apical third. Striations visible laterally 
and apically. Margins yellow, wide. 
Legs _ Femur black, tibia brown, tarsi red-yellow. 
Thorax - Pro- and mesosternum yellow, metasternum black, antecoxal 
piece yellow, metepisternum yellow. 
I. 
1 mm 
3. 66 Sclerocyphon zwicki 1 'i', holo·type, dorsal view. Scale line =..::...::..:::= __ ,.;:... .:...;:...:;_ 
= 1 mm. 
1 mm 
:;;:..;::;;..;;;..;:=::;.....3;:_.;_.;..6.:...7 Sclerocyphon zwicki ~ ~, holotype, ventral view. ScaJ.e line 
= 1 mm. 
3.68-3.69 
l_ 0.5mm 
l----~----~--~---~ 
Sclerocyphon zwicki: 
ventral view; (3.69) 
view. Scale lines = 
O.Smm 
(3.68) ~, external genitalia, 
rf, external genitalia, ventra1 
0.5 nun. 
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Abdomen -(Figure 3,67) Segments 1-4 black laterally and medially 
y 
elsewhere yellow. Segment 5 black. 
External genita.Iia (Paratype, Figure 3.68) - Pair of long, narrow 
hemisternites, punctate, setose distally, bearing 2-segmented styli. 
Sclerotised rod, embedded in vaginal wall between hemisternites, tapered 
anteriorly, expanded at middle, broad posteriorly. Pair of sclerotised 
plates embedded in anterior dorso-lateral vaginal walls, long and narrow. , 
Male (Figure 3.69) 
Total length 5. 8 mm, head width 1 15 mm, pro notal length 1. 3 mm, 
pronotal width 3,25 mm, width between apical angles of pronotum 1.45 mm, 
scutellar length 0.8 mm, scutellar width 0.5 mm, elytral length 4,4 mm, 
elytral width 3,85 mm. 
Similar to female but smaller and with slight variations in colour 
and pubescence. 
Pronotura ... Mottled red-black, rela·tively glabrous, 
Elytra - Basal medial region and strip each side of elytral suture 
red-brown. Lateral and apical regions black. 
e External genitalia (Paratype, Figure 3.69) _ Aed~gus symmetrical, 
trilobate. Parameres long, thin, sclerotised, punctate with membranous 
tips. Dorsal sclerite of penis long and narrow with blunt apex, ventral 
sclerite much shorter, 
Last instar larva (Figure 3,70, Pls 3,28~3.30) 
Total length 8.5 Imn, total width 6.2 mm, length of ninth tergite 
1. 7 mm, width of ninth tergite 1.6 mm. 
General shape_ Broad, nearly circular thoraco-abdominal shield, 
widest at tergite 2, decreasing in width to tergite 9. 
Dorsal surface Medial region dark brown with yellow patches on 
pro-, meso .. and metanotum and tergites 1, 2," 7 and 8. Pronotum with two 
3.70 
1 mm 
Sclerocyphon zwicki, last instar larva, paratype, dorsal 
view. Scale line = 1 mm. 
3.28 
3.29 
3.30 
PLATES 3.28-3.30 Sclerocyphon zwicki, last instar larva from Macalister-
Barkly R jn, tergite 9: (3.28) x 40, (3.29) x 200, 
(3.30) X 650. 
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light patches over eyes, terg·ite 9 dark brown with ridges light brown, 
lateral laminae light brown. Entire medial region smooth and shining 
I' 
possibly because of mucous secretions .• 
Entire marginal fringe of setae with 2 bands visible, narrow, 
yellow inner band made up of stiff inner section of each seta, wider, 
transparent outer band where seta soft, flexible, tapering to minute 
point. Overlying this fringe an irregular fringe of dark brown, randomly 
orientated setae, slightly longer than underlying fringe. 
of all laminae with fringe of fine, transparent setae. 
Trailing edge 
Extremely minute sclerotised cuticular beads present on medial 
region, lateral laminae with relatively large, dark, rounded cuticular 
beads scattered randomly over surface plus a transverse row extending 
across laminae of tergites 6,7 and 8. 
Very fine pores scattered over medial region. Long black setae, 
usually posteriorly directed, somet.imes randomly orientated, extending 
from pores in longitudional row, on each side of midline, on each thoracic 
and abdominal segment. 
Pro-, meso and metanotum and tergites 1-s with transverse row of 
short black setae extending across lateral laminae. Extra setae, anterior 
to this row, on pro- and mesonotum. 
Pronotum with 5 pairs of irregular pits, 4 pairs of circular pits 
arranged in a semi-circle, and 1 pair of anterior pits. Meso- and meta-
notum with 6 pairs of irregular pits. All pits dark. 
Three pairs of gin traps present on adjoining margins of t.ergites 
3-4, 4 5-6. All wide with both upper and lower edges thickly 
sclerotised. The corresponding regions on posterior margin of tergite 6 
somet.imes sclerotised, creating a pair of "half" gin traps. 
Tergite 9 (Pls 3.28-3.30) with an uprai shinins central ridge, 
outlined by cuticular beads, plus lesser lateral ridges. Central ridge 
tapering from anterior to posterior margin. Lateral margins straight, 
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posterior margin produced in regular semi-circle, tergite with rect-
angular outline overall. Posterior margin with regular fringe plus 
two groups of longer setae extending from margin either side of medial 
region. 
Adults can be distinguished by the following combination of 
characters; relatively large size, broad ovate body, "velvety" rather 
than shining dorsal surface, elytral striations visible laterally and 
apically and a long narrow dorsal penile sclerite or narrow elongate 
f' 
vaginal plates. 
Larvae can be distinguished by the following combination of 
characters; 3 gin traps, tergite 9 with its nearly rectangular outline 
and shining, upraised central ridge, broad,ovate1 sometimes circular 
thoraco-abdominal shield, shining medial region, and two longitudinal 
rows of black setae. one each side of the midline. 
Comments 
The specific epithet was chosen to honour Dr. P. Zwick who first 
recognised the existence of this species. Dr. Zwick made his collection 
of Australian psephenid material available for study in 1979 and it 
contained a beetle of this species, together with its pupal and larval 
exuviae, collected from the Geehi River in 1973. 
I had first observed the distinctive larva of this species amongst 
psephenid material from the Gippsland rivers, in the National Museum of 
Victoria Survey Department collection, in 1978. To associate larva and 
adult, live larvae were held in ·the laboratory and the successful emergence 
of one beetle, only,. occurred in 1979. 
Both adults and larvae are relative to most other species of 
Sclerocyphon. Two different forms of the larval shield have been observed; 
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the wide almost circular form described here and a more elongate, 
r 
oval form. 
Present distribution t·ecords indicate that this species is restricted 
to fairly high alti·tudes in eastern Victoria and New South Wales. 
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Scle:rocyphon type A 
(Figure 3.71, Pls 3.31 - 3.33) 
Material Examined 
Voucher specimens ·- QUEENSLAND: 23 L, r.ittle Mulgrave R., 28. v.i.1971 
• 
E.F. Riek, ANIC. 
Other material examined QUEENSLAND: 12 L, Beatrice R., Palmerston 
Hwy, 30.vii.1956 T.E. Woodward, QU; 3 L, Little Mulgrave R., 28.vi.l971, , 
E.F. Riek, PZ; 14 L, Fishery Falls1 s of Gordonvale, 29,vi.1971, E,F. 
Riek, ANIC; 18 L. Freshwater Ck, nr Redlynch, 25.x.l966, E.B. Britton, 
1\NIC; 6 L, Freshwater Ck, 6 mi s of Redlynch, 25.x.l966, E.B. Britton, 
ANIC; 1 L, "The Boulders", W of Babinda, 29.vi,1971, E.F. Riek, ANIC; 
7 L, Behana Gorge, nr Gordonvale, 15 mi S of Cairns, Feb.,1973, PZ; 24 L, 
Little Beatrice R. at McHugh Bridge, Palmerston National Park, Feb.1973. 
PZ. 
Description 
Last instar larva (Figure 3.71, Pls 3.31 - 3.33) 
Total length 8.75 mm, total width 6.2 mm, length of ninth tergite 
1.5 mm, width of ninth tergite 1.5 mm. 
General Shape _ Broadly circular thoraco-abdominal shield, widest 
at metanotum, decreasing in width from tergite 4 to 9. 
Dorsal surface - Medial region brown, lateral laminae yellow. 
Pronotum with two light patches above eyes. Tergite 9 brown with 
~~-shaped yellow region. 
Entire marginal of setae with two bands visible; narrow, 
brown inner band wider, transparent outer band where setae soft, flexible, 
to minute point. Overlying this fringe )m irregular fringe of 
dark brown, randomly orientated setae, slightly longer than setae of regular 
fringe. Trailing edge of all laminae with fringe of fine, transparent 
setae. 
L... __ _J 
1 mm 
Sc.Ierocyphon type A, last instar larva from Little Mulgrave 
R, dorsal view. Scale line = 1 mm. 
------------------------------------------------------------------------~~~~~---------
3.31 
3.32 
3.33 
PLATES 3.31-3.33 Sclerocyphon type A, last instar larva from Little 
Mulgrave R; (3.31) tergite 9,x 40; (3.32) tergite 9 
x 200; (3.33) long setae each side of mid-dorsal line 
on tergite 4, x 100. 
Uniform covering of very small dark, sclerotised cuticular beads 
on lateral laminae and anterior region of pronotum beads absent from , 
medial region. 
Pores scattered across entire shield, ~ensest in medial region • 
. Medial region smooth, shining, possibly because of mucous secretions. 
Long black setae (Pl. 3,33) posteriorly directed, extending from 
pores in longitudinal row, on each side of midline, on each thoracic 
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and abdominal segment. Short black setae (fine branching visible with 
scanning electron microscopy) in transverse row across lateral laminae 
• 
of meso- and metanotum and tergites 1-7 Meso and metanotum with 
extra setae, anterior to transverse row, as well. 
Pronotum with 5 pairs of irregular pits, 4 pairs of circular pits 
(usually dark} and one anterior pair. Meso- and metanotum with 6 pairs 
of irregular pits. Most pits light coloured all without border of , 
beads present in other species. 
Tergites l-8 with upraised transverse region, surrounding ecdysial , 
scar, outlined by "wrinkles" or folds in cut.icle, each side of midline. 
Junction of body and lateral lamina with sloping longitudinal pit. 
Four pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5, 5-6 and 6-7. Three anterior pairs wide, extending most of way 
across body, posterior pair narrower. 
Tergite 9 (Pls 3.31, 3.32) lacking upraised longitudinal ridges. 
Entire tergite smooth, shining, possibly due ·to mucous secretion from 
numerous pores scattered over surface. Few cuticular beads visible but 
cuticle with many transverse "wrinkles" or folds. Nearly square outline,. 
posterior margin produced in shallow regular semi -circle, ·lateral margins 
straight, sloping slightly outwards. Posterior margin with regular 
fringe plus two groups of longer, <lark setae,. ext.ending from margin on 
each side of middle. 
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Larvae of this type can bt." distinguished by the following combin-
ation of characters; 4 g;in traps, broad,circular or oval dorsal shield, 
longitudinal row of setae dorsally, each side of midline, transverse row 
of setae on lateral laminae, dorsal medial region shining and lacking 
cuticular beads, longitudinal pits at junction of each lateral lamina 
and body, and nearly square tergite 9, lacking ridges but with fine trans-
verse folds. 
Comments 
Larvae of this are the most distinctive of all larval Sclera-.. 
cyphon, possessing a number of features that are either unique or present 
in only one other species, s. zwicki. 
This type has been recorded only from the Cairns-Atherton district 
of north Queensland. ~rhis restricted distribution together with the 
wide body form suggests that it may be the larval form of s. aquilonius 
(a very broad beetle). 
Sclerocypllon type B 
(Figure 3.72, Pls 3.34- 3.39) 
Material Examined 
Voucher specimens - QUEENSLAND: 10 L, creek at Buderim, on s 
facing slope below Nambour-Maroochydore Hwy, 2.ii.1980, J.A. Smith, 
B. Smitht NMV; 26 L, same data, held by J.A. Smith. 
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Other material examined -QUEENSLAND: 8 L, Brisbane, 15.vi.1955, 
Kirkpatrick, QU; i L, Timbeerwah Falls, 5 km w of Tewantin, 12.iv.l979, 
H.B.N. Hynes; 2 L, Woondum Ck, 1.5 km sw of Mt. Boulder, 14.iv.1979, 
H.B.N. Hynes; 11 L, Alice R., Townsville, date? Coll? JCUNQ; 3 L, 2 km 
N Hartley Ck, 17.vi.1971, E.F. Riek, PZ; 1 L, Lamington National Park, 
29.viii.1958, Coll?, QU. 
Last instar larva (Figure 3.72, Pls 3.34- 3.39) 
Total. length 6.6 mm, total width 3.4 mm, length of ninth tergite 
1.0 mm, width of ninth tergite 1.4 mm. 
General shape - Narrow, elongate thoraco-abdominal shield, widest 
at metanotum, tapering to tergite 9. 
Dorsal surface - Medial. region dark brown, tergites 2, 3, 5 and 6 
with yellow patch at each side of body, tergites 7 and 8 with yellow patch 
at centre. Pronotum with light patch above each eye. Lateral laminae 
pale yellow. Tergite 9 completely dark. 
Entire marginal fringe of setae with 2 bands visible; a wide, regular, 
stiff, inner section, and a narrow, transparent outer section where setae 
soft: 1 flexible, tapering to a minute point. 
Pro-, meso-· and metanotum with dark, pointed 1 sclerotised cuticular 
beads around pored regions and pits and extending across anterior shield 
FIGURE 3. 72 
1 mm 
Sclerocyphon type B, last instar larva from Buderim Ck, 
dorsal view. Scale line = 1 mm. 
3.34 3.35 
3.36 
PLATES 3.34-3.36 Sclerocyphon type B, last instar larva from Buderim 
Ck; (3.34) clumps of mucous-coated trichoid sensilla 
in mid-dorsal region of tergites 5, 6 and 7, x 120; 
(3.35) mucous-coated trichoid sensilla , x 1000; 
(3.36) mucous-coated trichoid sensilla and cuticular 
beads on tergite 5, x 500. 
3.37 
3.38 
3.39 
PLATES 3.37-3.39 Sclerocyphon type B, last instar larva from Buderim 
Ck, tergite 9: (3.37) X 40; (3.38) X 200; (3.39) X 650. 
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of pronotum, laminae of meso- and metanotum. Tergites 1-8 with two 
rows of beads across medial region, one row anteriorly, the other post-
eriorly. Anterior row extending down each lateral lamina to middle, 
beads densest at junction of body and lamina, sparser at middle, some 
smaller beads scattered around edge of lamina. 
Pores scattered over entire shield, densest beneath shining grey 
mucus bei:ween and along midline on pronotum. Also between pits on 
meso- and metanotum and on 
each side of midline on 
transverse strip above ecdysial scar, 
1-8. Some pores with mucus-coated 
trichoid sensillae, others with hairs, best seen by scanning electron 
microscopy (Pls 3.34 3.36). 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Groups with shining, grey appearance beneath light microscope, discrete 
spathulate sensilla with ornate muco-polysacca.ride coat visible with 
scanning electron microscopy (Pls 3.34, 3.35). 
Pronotum with 5 of irregular pits and 4 pairs of circular 
pits. Meso- and metanotum with 6 of irregular pits. All pits 
light coloured and bordered by beads. 
Three pairs of gin traps present on adjoining margins of tergites 
3-4, 4-5, 5-6. Two anterior 
Lower margin of each gin 
weakly sclerotised. 
slightly wider than posterior pair. 
heavily sclerotised, upper margin only 
'l'ergite 9 (Pls 3.37 - 3.39) with upraised, tapered, central ridge 
extending to middl~; plus a lesser ridge on each side, all outlined by 
cuticular beads. Anterior margin upraised with dense row of cuticular 
beads. Beads sparse between ridges and at posterior margin. Pores 
on c<-:nrtral ridge with trichr.:>id sensilla (visible with scanning electron 
microscopy) • Posterior margin with slight concave sinuosity each side 
of rounded apex, some specimens with pointed apex. Lateral margins short, 
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curved outwards. Posterior margin with fringe t.wo 
groups of longer setae, one each side <>f middle. 
Larvae of this type can be distinguished by the following combination 
of characters; 3 gin traps, tergite 9 with 3 ridges not extending beyond 
middle and outlined by beads, transverse rows of cuticular beads across 
body and lateral laminae on tergites 1·-8, and spathulate trichoid sensilla 
with ornate muco-polysaccaride coating present in mid~dorsal clumps as 
well as scattered randomly over entire shield. 
Conunents 
This larval type undoubtedly represents a new species of Sclero-
cyphon but as yet the larva has not been associated with its adult, des-
pite attempts to rear adults in the laboratory from larvae taken from 
Buderim Creek. 
Present records indicate that this type occurs only in Queensland, 
on the coastal strip from Lamington National Park to 'I'ownsville, although 
further collecting may extend this range. 
'rhe possession of 3 gin traps and the form of tergite 9, with its 
3 ridges, places this larval type within the s. striatus species-group. 
However the larvae are easily distinguished from all others in the group 
by both the distinctive patterns of the cuticular beads and the unusual 
decoration of the trichoid sensilla • 
Possibly ·the heavier coating of mucus on the dorsal surface and 
the unique form of the mucus-coated trichoid sensilla have developed 
in response to warm stream temperatures. Larvae of this type inhabit 
very warm coastal streams, the water temperature at Buderim Creek, when 
li:u::vae were co1lect.ed in February, 1979, was 24"'C at 9 a.m. 
Scl.erocyphon type C 
(Figure 3.73, Pls 3.40 3. 44) 
Material Examined 
Voucher speci.mens 
land, •r. E. Woodward, QU. 
QUEENSLAND: 3 L, Malaan, 2000 ft, N. 
Other material examined ~ QUEENSLAND: 1 Ir, Highvale, 9.v.1959, 
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C.L. Smith, QU; 10 Ir, Highvale, nr Mt. Glorious, 30.iii.l955, F.A. Perkins, 
QU< 1 L, First creek past aboriginal settlement before Mossman Gorge, 
14.viii.1979, A. Bubenicek; 4 L, Mossman Gorge, l4.viii.l979, A. Bubenicek; 
1 L, Creek between Cooper Ck and Hutchinsons Ck, Cape Tribulation Rd, 
13.viii.1979, A. Bubenicek; 5 Ir, Reliance Ck, Mackay, 17.viii.1978, 
JCUNQ; 16 L, South Johnstone R, 28.ix.1976, JCUNQ; 4 L, North Johnstone 
R, 25 •. ix.l976, JCUNQ: 1 L, Millstream Falls, w of Ravenshoe, 2 5. v i.l97l' 
E. F. Riek, PZ; 1 P, 9 L, Iron Range, Mt. Tozer foothills, 4.vi.1971, 
E.F. Riek, PZ; 1 L, 16 km on Davies Ck Rd, E of Mareeka, 18.vi.1971, 
E.F. Riek, PZ; 12 L, Ugly Gully Ck, Mt. Crosby, nr Brisbane, date?, Coll?, 
PZ; 2 L, Beatrice R, Palmerston National Park, 27.vi.l971, E.F. Riek, PZ; 
7 L, Mossman Gorge, 12.vi.l971, E.F. Ri.~k, ANIC; 1 L, Crystal Ck, 23 
SSE Ingham, 10.x.ii.l968, E. Britton, ANIC; 2 L, "The Boulders" W of 
Babi.nda, 29.vi.1971, E.F. Ri.ek, ANIC; 3 L 1 Creek nr Julatten Station, 
Mossman-Mt. Lewis Rd, 1200 ft, 30.x.1966, E. Britton, ANIC; 4 L, Behana 
C,orge, S of Gordonvale, 29.vi.l971, E.F. Riek, ANIC; 7 L, Tinaroo Dam, 
2 km on Mt. Edith Rd, 23.vi.1971, E.F. Riek, ANIC; 3 L, Upper Iranel1y 
Ck, Coen district, Cape York Peninsula, 10-ll.xi.1971, S.R. Mont.eith, 
ANIC; 12 L, F'inch Hatton, l.vii.1971, E.F. Riek, ANIC; 7 L, Behana 
, nr Gordonvale,Feb.1973, PZ; 3 L, Cunninghams Gap, 24.iii.1963, 
C. Watt:s. NEW SOUTH WALES: 21 L (20.xi.l978), 1 L (6.x.1978), 1 L 
(23.x.l976), ~)7 L (6.x.l978) 1 2 L (20.xi.l978) 1 2 I. (25.xiii.1976), 
12 L (6.x.l978) all in freshwater turtle gut contents, Georges Ck at 
"Murrungi" on Kempsf1y-Armidale Rd, 80 km SE Armidale. 
Last Instar Larva (Figure 3. 7 3, Pls 3. 40-3. 44) 
Total 6.4 rom, total width 4.1 mm, length of ninth 
1.1 mm, width of ninth 1.2 mm. 
Genera.l shape - Broadly ovoid thoraco-abdominal shield, widest 
at tergite I, tapering gently to tergite 9. 
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Dorsal surface ·- Medial region brown, lateral laminae pale yellow, 
some evidence of bleaching of colour, possibly due to length of time of 
preservation in alcohol (approximately 25 years). 
Entire marginal fringe of setae with two bands visible; broad, 
regular, yellow stiff inner section, and narrow outer section where 
setae soft, transparent, flexible, tapering to minute point, some setae 
broken. Trailing edge of all laminae with of fine, soft setae. 
Uniform covering of small, brown, sclerotised cuticular beads 
over body. Dark dense cluster of beads at junction of body and lateral 
laminae. Beads absent from shining pored regions on tergites. Lateral 
laminae with beads largest and densest at anterior margin, smaller, 
sparser 
Pores visible between pits on pro-, meso- and metanotu.m. Pores 
visible, beneath shining yellow mucus, on two upraised transverse 
above ecdysial scar, each side of midline, on tergites 1-8 (Pls 3.40, 
3 .41) . 
•rwelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensi.lla , visible only with scanning electron microscopy, 
ofh:n broken, (PL 3. 41). Beneath light microscope each group visible 
as shining grey mucus-coated mass, on small swelling, fairly widely 
3.73 Sclerocyphon type C, last instar larva 
view. Scale line = 1 mm. 
1 mm 
from Malaan, dorsal 
3.40 
3.41 
PLATES 3.40-3.41 Sclerocyphon type C, last instar larva from Malaan: 
(3.40) upraised transverse ridges and upraised mid-
dorsal regions (trichoid sensilla mostly abraded)" 
on tergites 3, 4, 5, 6, 7 and 8, x 40; (3.41) upraised 
region with remnants of abraded trichoid sensilla in 
pores, x 250. 
3.42 
3.43 
3.44 
PLATES 3.42-3.44 Sclerocyphon type C, last instar larva from Malaan, 
tergite 9: (3.42) x 40; (3.43) x 200; (3.44) x 650. 
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, each side of midlim'l. Some pores visible beneath mucus. 
Pronotum with 5 of irregular , 4 pairs of circular pits 
and one anterior pair. Meso- and metanotum with 6 pairs of irregular 
pits. All pits light coloured and oordered by beads. 
Three pairs of gin-traps present on adjoining margins of tergites 
3-4, 4-5, 5-6. Two anterior pairs wide, posterior pair narrower. 
'rergite 9 with narrow 1 upraised central ridge extending to posterior 
margin, a lessor ridge on each side. Three ridges densely beaded, 
ant:erior and lateral margins with dense row of beads, area between ridges 
and posterior region with sparser, smaller beads. Posterior margin 
with pointed, or rounded apex, a slight sinousity each side at culmin-
ation of side ridges. La·teral margins slig·htly curved, sloping out-
wards. 
is 
Larvae of this type can be distinguished by the following combination 
of characters; 3 gin traps, the form of tergite 9 with its narrow central 
ridge and pointed or rounded apex, a.nd ·the small, upraised, medial groups 
of trichoid sensilla 
Conunents 
The distribution of this larval type extends from the Coen district 
on Cape York Peninsula, the northernmost tip of eastern Australia, to 
the Kempsey-Armidale region of the New England Tableland in northern New 
South Wales. 
The larva has not yet been associated with its adult; however, the 
relatively small size attained by last instar larvae and somewhat sim-
ilar distribution patterns suggest that this type may be the larval form 
of S. minimus. 
La.rvat:: a.re similar to larvae of both S. striatus and s. basicol.lis 
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and misidentification can easily occur. However these larvae are 
generally much smaller in the last instar than t;hose of either 
S. striatus or S. basi col lis. In addition the central ridge of the 
ninth of s. type C extends completely to the posterior margin 
which is not the case in S. ba.sicol.lis. 'l'hi s ridge is also much 
narrower than the equivalent ridge in S. striatus. 
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Sclerocyphon typE~ D 
(Figure 3.74, Pls 3.45 3.50) 
Examined 
Voucher specimens - QUEENSLAND: (all Lamington National Park) , 
1 L, 25.v.1959, C. Evans, QU; 1 L, May 1959, R. Henzel, QU, lL, 25.v.1959, 
Coll:? QU; 1 L, 6. xi.l959, D. Mackenzie, QU. 
Last Instar Larva (F'igure 3.74, Pls 3. .50) 
Total length 7.9 mm 1 total width 5.4 mm, length of ninth 
1.3 mm, width of ninth tergite 1.5 mm. 
General shape Broadly ovate, nearly circular thoraco-abdominal 
shield. Widest at metanotum/tergite I, decreasing to tergite 9. 
Dorsa.I surface - Medial region brown, lateral laminae yellow. 
Possibly some bleaching of colour has occurred due to the length of time 
preserved in alcohol (20 years). 
Entire marginal fringe of setae with two bands visible; broad, 
yellow, regular inner section, and narrow outer section where setae 
soft, :flexible, transparen·t., tapering to a minute point. Many setae 
broken off at end of inner section. 
~['railing edge of lateral laminae with fringe of fine transparent 
setae. 
Dense, uniform covering of small, dark brown, pointed, cuticular 
beads over entire surface. Darker, dense clump of beads at junction of 
body and lateral laminae, beads smaller, sparser on trailing edge of 
lateral laminae. 
Some pores visible between pits on pro-, meso- and metano·t.um, 
dense region of pores visible beneath shining mucus on transverse, 
FIGURE 3.74 Sclexocyphon type D, las·t in star larva from Lamington 
National Park, dorsal view. Scale line = 1 mm. 
3.45 3.46 
3.47 
PLATES 3.45-3.47 Sclerocyphon typeD, last instar larva from Lamington 
National Park: (3.45) gin traps, upraised transverse 
ridges and upraised mid-dorsal regions with clumps of 
mucous-coated sensilla on tergites 3, 4, 5, 6 and 7, 
x 40; (3.46) clump of mucous-coated trichoid sensilla , 
x 400; (3.47) pit on pronotum, x 180. 
3.48 
3.49 
3.50 
PLATES 3.48-3.50 Sclerocyphon type D, last instar larva from Lamirigton 
National Park, tergite 9: (3.48) x 40; (3.49) x 200, 
(3.50) X 650. 
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upraised strip (Pl. 3.45) above ecdysial scar, each side of midline, 
on tergites 1-8. 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensilla visible only with scanning electron microscopy 
(Pl. 3.46). Beneath light microscope each group visible as shining 
grey circular mucus-coated clumps, some pores visible beneath mucus. 
Pronotum with 5 pairs of irregular pits.and 4 pairs of circular 
pits. Meso- and metanotum with 6 pairs of irregular pits. All pits 
light coloured, bordered by beads (Pl. 3.47), 
!''our pairs of gin traps present on adjoining margins of te:t:·gites 
3-4, 4-5, 5-6, 6-7 (Pl. 3. 45). Gin decreasing in width from 
anterior pair to posterior 
Tergite 9 (Pls. 3.48-3.50} with upraised, tapered central ridge 
plus a lesser ridge on each side, all extending to posterior margin and 
outlined with cuticular beads. Two rows of cuticular beads across 
anterior margin and down each lateral margin. Shining, mttcus-coated 
po:r:·ed region between two rows of beads at base and down central ridge. 
Beads smaller, sparser between ridges and posteriorly. Posterior margin 
pointed at apex, a concave sinuosity px·esent each side of middle, between 
lateral ridge and lateral margin. Lateral margins short, curved. 
Larvae of this type can be distinguished by the following combin-
ation of characters; 4 gin traps, tergite 9 with 3 ridges, each extend-
ing to the posterior margin and outlined with cuticular beads, the 
shining coat of mucus on the anterior margin and the central ridge of 
tergite 9, and the uniform covering of small, dark cuticular beads over 
the entire shield. 
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Comments 
Only 5 specimens of this larval type, from one locality, Laming-
ton National Park, have been examined; however, their distinctive morph-
ology warrants recognition as a new larval type. The presence of 4 
gin traps clearly separates these larvae from other similar species, 
including S. striatus, S. basicollis and S. type C, which possess only 
3 gin traps" 
The larva of this type has not yet been associa·ted with it:s adult. 
Possibly it is the larva of S. nitidus which also occurs in I.ami.ngton 
National Park. F'urther collecting and laboratory rearing of the larvae 
are needed to verify this suggestion. 
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Sc.lerocyphon type E 
(Figure 3. 75) 
Material Examined 
Voucher - NEW SOUTH WALES : 4 L, Creek E of Nundle , 
near Tamworth, New England Tableland, 27.i.1980, J.A. Smith, NMV; 
7 L, ,same data, held by J.A. Smith. 
Other material examined -· NEW SOUTH WALI!:S: 1 L, Barrington, 
30.vLii.l93l, F.J. Gay, ANIC. 
Descript.ion 
Last Instar Larva (Figure 3.75) 
Total length 9.0 rom, total width 4.9 rom, length of ninth tergite 
1.2 rom, width of ninth tergite 1.6 rnm. 
General shape - Elongate-elliptic thoraco-abdo.minal shield, 
widest at metanotum, tapering to tergite 9. 
Dorsal surface Medial region dark brown, narrow, yellow longi-
tudi.nal strip down midline, some yellow patches on tergites. Pronotum 
with yellow patch above each eye, dark over head. Lateral laminae 
light brown,yellow patch before edge. 
Entire marginal fringe of setae with two bands visible; narrow, 
light brown, regular, inner sec·tion, and wider outer section where setae, 
soft flexible, transparent, tapering to minute point. Some setae re-
maining dark for entire length. Trailing edge of lateral laminae with 
fringe of fine, transparent setae. 
Dense, uniform covering of dark brown, sclerotised cuticular beads 
over entire shield, darker, dense clump o:E beads at junction of body 
and lateral laminae of 1·-8, beads smaller, sparser at trailing 
edge of lateral laminae. 
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Sclerocyphon type E, 
Nundle, dorsal view. 
1 mm 
last instar larva from creek nr 
Scale line = 1 mm. 
Pores scattered over ent.ire shield, densest on slightly upraised 
transverse strip, above ecdysial scar, each side of midline, on 
tergites 1-8. 
Twelve paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensilla only visible with scanning electron microscopy. 
Beneath light microscope each g:~:·oup visible as shining, grey, oval 
mucus-coated clump, yellow pores visible beneath mucus. 
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Pronotum with 5 pairs of 
' 4 of circular pits 
and one anterior pair. Meso- and metanotum with 6 pairs irregular 
pits. Most pits dark, bordered by cuticular beads. 
Two pairs of on adjoining margins of 
Both sets wide, extending nearly to midline. 
Tergite 9 with upraised, tapered central ridge extending to post.-
er.i.or margin, a lesser ridge on each side, all outlined by cuticular 
beads. Beads sparser between ridges and Posterior mar·-
gin with pointed apex and slight sinuosity each side of middle. Lateral 
margins fairly straight, sloping out:wards, 
The presence of only two pairs of gin traps, on the adjoining margins 
of tergites 3-4 and 4-5, is a unique character which separates larvae of 
this type from all other species and larval types of Sclerocyphon. 
Only 12 specimens of this larval type, from two localities, both 
on the New England Tableland, have been examined; however, the possession 
of only two of gin traps warranted their description as a new 
larval type. Other features including the form and contouring of t:h<::; 
ninth and the form of the mid-dorsal clump of trichoid sensilla 
support the recognition of this larval form as a separate 
This larva has not yet been associated with .:i.ts adult, several 
last instar larvae from the creek east of Nundle were held alive in 
the laboratory but pupation failed to occur. 
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Sclerocyphon type F 
(Figure 3. 76) 
Material Examined 
Voucher specimens QUEENSLAND: 5 L, Reliance Ck, Mackay, 17.viii. 
1978, JCUNQ; 2 L, same data, NMV. 
Other material examined ~QUEENSLAND: 20 L, Amhurst Ck, Mackay, 
25.v.1978, JCUNQ; 2 L, 36 km S of Miriamvale, 25.v.1971, E.F. Riek., 
PZ; 10 L, Burdekin R., halfway between Townsville and Charters Towers, 
1.0.viii.l980, A.J. Dartnall; 2 L, Ugly Gully Ck, Brisbane, date?, PZ; 
1 L, Brisbane, 15.vi.J.955, Kirkpatrick, QU. NEW SOU'l'H WALES: 1 L, 
freshwater turtle gut contents, Georges Ck at "Murrungi" on Kempsey-
Armidale Rd, 80 km SE Armidale, 25.xii.1976, M.K. Notestinei 5 L, trib-· 
utary of Rocky R, E of Tenterfield, off Bruxner Hwy, 28.i.1980, J.A. 
and J.N. Smith. 
Last. instar larva (Figure 3. 76) 
Total length 8.5 mm, total width 4.5 mm, length of ninth tergite 
1 . 7 mm, wid·th of ninth tergi te 2. 35 mm. 
General shape - Elongate-elliptic thoraco-abdominal shield, 
widest at metranotum, tapering to relatively wide tergite 9.. 
Dor:s a .I surface - Medial reg ion dark brown, some light patches, 
narrow yellow longitudinal each side of midline, pronotum with 
large light patch above each eye. Lateral laminae lighter, alternating 
colour pattern; yellow-brown-yellow-brown. Tergite 9 dark brown with 
one yellow patch, on each side, below spiracular brush. 
Entire marginal fringe of setae with two bands visible; narrow, 
yellow, regular, inner section, and outer section where setae soft, 
FIGURE 3.76 
~ 
1 mm 
Sclerocyphon type F, last instar larva,Reliance Ck, dorsal 
view. Scale line = 1 mm. 
flexible, transparent, tapering to minute point. Trailing edge of 
lateral laminae with fringe of fine transparent setae. 
Dense covering of dark, sclerotised cuticular beads over entire 
surface, darker dense clump of beads at junction of body and lateral 
laminae of tergites 1~8. 
Pores visible as shining yellow dots, densest beneath shining 
yellow coat of mucus between pits on pro-, meso- and metanotum and 
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extending anteriorly along midline on pronotum. Also on two upraised 
patches, each side of ecdysial scar, each side of midline, on 
1-·8' 
Eleven paired groups of trichoid sensilla in medial region, one 
group to each side of midline on each thoracic and abdominal segment. 
Discrete sensilla visible only wi·th scanning electron microscopy. 
Benea·th light microscope each group visible as regular elongate-oval 
shining, grey, mucus-coated clump, encircled by wide region of pores. 
Tergite 9 with one large rnucus-coat:ed mass medially. 
Pronotum with 5 pairs of irregular pits, 4 pairs of regular pits 
and one anterior pair. 
pits. 
Three pairs of gin 
Meso-- and metanotum with 6 pairs of irregular 
on adjoining margins of tergites 
3-4, 4-5, 5-6. All pairs wide, extending nearly from lam~na to mid-
point. 
Tergite 9 without ridges, broadly triangular, posterior margin 
widely curved, lateral margins short. Anterior medial region with 
shining grey mucous mass, devoid of beads, pores visible beneath mucus. 
Cuticular beads scat.tered across remainder of tergi te 9, largest, densest 
at anterior and lateral margins, smaller,sparser in posterior region. 
Larvae of this ·type can be distinguished on the following combination 
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of characters; 3 pairs of traps, broadly triangular ninth 
lacking ridges, with anterior, medial, grey, mucous mass and shallowly 
curved posterior margin, and elongate-oval, mucus-coated clumps of 
trichoid sensilla • 
Comments 
The distribution of this larval type extends from the Burdekin 
River in north Queensland to the edges of the New England Tableland in 
northern New south Wales. 
Last instar larvae of this type are usually large in comparison 
with ot.her larvae from the north of Australia, with the exception of 
s. A. Larvae are similar, in many , to the larvre of 
s. , however differ sufficiently to warrant recognition 
as a new larval type. 
3.5 
Relationships wi·thin Scle:r.ocyphon 
As the adults (and pupae) of Scle:r.ocyphon are terrestrial while 
the larvae are relationships within the genus can be most 
easily recognised by initially treating the different life phases 
separately. 
Adults 
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The outstanding feature of adult the morphological 
similarity of mos·t with an attendant lack of clear.· 
characters • This similarity of external characters that 
common selective pressures are acting on the adults of all 
This could be a of the following combination of factors: the 
very short adult life span (restricted t.o. only a few weeks in summer) 
in comparison to a much longer larval phase (up to 22 months); the 
cryptic mode of behaviour, exhibited all beetles 1 which restricts 
them to certain microhabitats; and the of habitats (the moss, 
litter, grass and debris at the edges of rivers and streams). 
Early workers, Blackburn (1892), rJea (1.895, 1919) and Carter 
(1935) based specific determinations on differences in size, shape, 
colour, convexity and pubescence. This study extends that work to 
include features of the male and female genitalia. The morphological 
similarity of beetles within many of the dryopoid genera and the need 
for has been commented upon by to examine 
previous workers. Holland (1972, p.ll) notes that in the Fielminthidae, 
"on external features alone differences within 
the genera Oulimnius and Riolus/No:rmandia are difficult 
to de·tect", 
and it is often necessary t:o 
"examine the genitalia before making a positive 
determination". 
Leech and Chandler (1956, p.355) not:e that for specific determination 
in the genus Helichus (species of which are now included in the same 
subfamily as Sclerocyphon, the Eubriinae) 
"pubescence is the-:! most used character since it covers 
most of t.he body, masking many othex· possible characters. 
It should be used with discretion since the 
men may assume quite a differen·t appearance if it is 
rubbed or soiled with grease or dirt. If one is not 
familiar with the group it is best to check the male 
genitalia, especially with ••• (several species) ... 
for which no dependable distinguishing characters have 
been found. Size and slight differences in shape are 
of limited usefulness and difficult to describe". 
such a comment can be equally applied to Sclerocyphon. 
In Sclerocyphon the ventral surface, as well as the head, 
antennae and legs, are thickly clothed with dense pubescence and as a 
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result few distinguishing features are visible. While specific differ~ 
ences in the form and density of pubescence on the pronotum and elytra 
do exist, care must be taken to remember that variation due to abrasion 
can occur. The shininess of the dorsal surface can also vary, however 
this character is closely tied with the denseness of pubescence. 
Characteristic dorsal and abdominal colour patterns predominate 
in different but variabili·ty can occur. There is also variability 
in size. Differences in and convexity are evident but as already 
noted by !Jeech and Chandler (1956) such features are difficult to describe; 
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in this work are used to overcome this problem. '!'he mouth 
show great. uniformity t:hroughout. the genus, and as adults do 
not. appear to feed there has probably been little pressure for morpho-· 
logical divergence. 
'fhe male genitalia are of the primitive, trilobate form (Brit.ton, 
e 
1970), ·the ae<\agus being composed of a single basal piece with a 
or median lobe, and a. of parameres, one attached to each side. 
ancestors and Crowson (1955) suggests Lhat they have arisen from a line 
common to both the dascilloids and the byrrhoids. The occurrence of 
these views. 
Apart from one striking exception, S. secretus, the basic similarity 
of male and also female genitalia provides much justification for the 
inclusion of all species within the one genus, Sclerocyphon. 
differences in males are limited primarily to the shape and size of the 
sclerites. Some confusion in identifica·tion may still arise 
both from the nature of these charac·ters and from the genuine 
of certain species, in particular: S. aquaticu.s and S • .Iacustris; 
s. co.Ilaris and S. niti.dus; and S. basicollis and S. minimus. However 
the form of the female dorso-·lateral in E:~ach is unique. 
The 'l'asmanian endemic, S. secret:us, possesses a dorsal penile 
sclerite armed with two sharp lateral projections or barbs, a feature 
not present in any other Sclerocyphon 'l'he female possesses 
dorso~lateral vaginal plates with extended lateral projections that 
appear to correspond to the barbs of the male. All other of 
morphology are such that te the possession of these geni·tal features 
t:he placement of this in a new qenus is not warranted, 
'.Pr1 evolut:ion of atypical male C}enitalia may be related to t:he 
sympatric occurrence of s. sec.retus and S. in many Tasmanian 
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streams, particularly those of the west coast, Although larvae are 
present throughout the Ecmtire year, the period of emergence is res-
tricted to the warmest summer months. Adult activity is also restricted 
to the warmer daylight hours. The shortness and relative coolness of 
Tasmanian summers particularly on the west coast suggests that beetles 
of both species may be forced to emerge simultaneously. E'ield obser-
vations lend support to this view. Adults of both species appear to 
occupy the same habitats and display similar behaviour. Thus, the 
unique form of the genitalia of S. secretus may well se:rve to maintain 
reproductive isolation of the species in localities where adult.s of 
bo·th species occur together in time and space. Several Australian 
mainland species also occur sympatrically (Chapter 4) . The variation 
in form of both male and female genitalia in these cases, while not as 
striking as that of s. secretus, differs sufficiently between species 
to prevent interbreeding. It is possible that the warmer and longer 
swumers of most Australian mainland localities allows greater temporal 
separation of adults, resulting in less selection for extreme isolating 
mechanisms. 
Larvae 
Like all psephenid larvae, those belonging to the genus Sclerocyp.hon 
show marked adaptations to life in the lotic environment 0 the thoracic 
and abdominal segments forming a dorso-ventrally flattened shield with 
the head and legs hidden beneath. It is in the features of the dorsal 
surface of this shield that the greatest variation between species is 
evident, in contrast to the ventral surface which displays remarkable 
homogeneity between species. This is probably a consequence of the 
extreme dorso-ventral fla·ttening as only the dorsal surface is exposed 
t:o the external, and more variable, aquatic environment. while the ventral 
surface remains adpressed to the substrate throughout the life of the 
larva. This difference in variability between dorsal and ventral 
surfaces was first noted by West (1929a) in his early comparative 
work on larval Dryopoidea and it appears that features of the dorsal 
surface are more significant not only in systematics within the genus 
but in the higher groupings as well. 
In considering larval morphology some deductions concerning 
phylogeny sensu Hennig (1965) can be made. Although it may seem over-
meticulous to expend much effort in ascertaining phylogeny within the 
genus Sclerocyphon, the fact that Sclerocyphon is the only psephenid 
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genus in Australia and its members inhabit a diverse range of habitats 
which, on other continents (Africa, Asia and the Americas) are occupied 
by members of a number of genera of two or more psephenid sub-families, 
suggests that some discussion of phylogeny within the group is warranted. 
This interpretation of systematics within Sclerocyphon from a phylogenetic 
viewpoint will also facilitate further work on the phylogeny of the 
Psephenidae as a whole. 
During this attempt to achieve a phylogenetic classification a 
number of difficul·ties have become apparent. first necessary to 
establish plesiomorphic (primitive) and apomorphic (derived) character 
states, as it is the presence of synapomorphy, that is, the common possess-
ion of derived characters, that determines the closeness of two species 
(Hennig, 1965). Unfortunately no fossil Sc.Zerocyphon exist and so 
conclusions as to plesiomorphy and apomorphy must be based entirely 
on an examination of present day Sclerocyphon species and closely related 
groups. Ross (1967) notes that for TrichoFtera much information from 
outside t~e families is necessary to establish primitive characters. 
Such information is also necessary for Sclerocyphon, but, as many genera 
of the Dryopoidea are still little researched, in some cases it is not 
readily available. Also, psephenid larva~ have secondarily invaded the 
aquatic habitat from land (Hinton, 1955) and in doing so have developed 
ext::r:eme adaptations to their aquatic envirorunent. Thus, to a 
certain extent many features of the dorsal shield (and the shield 
itself} are advanced, making the determination of plesiomorphy and 
apomorphy one of relativity and hence the more difficult. 
more, the very similar features of the ventral surface of 
Further-
of 
Sclerocyphon probably represent plesiomorphic characters and, as such, 
contribute little to phylogenetic decisions, as symplesiomorphies 
ca.nnot be used to establish relationships (Hennig, 1965}. 
The determination of the Psepheninae as the most 
psephenid subfamily (Hinton, 1966) does provide some clues as to the 
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possible nature of Sclerocyphon ancestors. 
ated by the provision of specimens of the 
'rhis study has been facilit-· 
(in this case, the 
Canadian water penny, Psepllenus herTicki) by Professor H.B.N. Hynes, 
for examination and comparison. 
Size, Colour and Shape 
Size, colour and shape may all vary within some species according 
to locality. Larval size can vary considerably between different pop-
ula·tions of the same The variation in colour according to 
subst:t:ate has already been described in Tasmanian species (Smith, 1981) 
and similar features, particularly the occurrence of disruptive colour 
in the form of dark and light bands, or patches, are also evident 
in Australian mainland 
The variability of shield shape in Tasmanian species has been the 
subject of a detailed mult.ivariate analysis (Chapter 5). Three species, 
Sclerocyphon aquat.icus, S. zwicki and S. type A exhibit a fairly constant 
shape, possessing a broadly ovate-circular shield, while other species 
exhibi·t a range of forms from the broadly ovate-circular to the narrow-
ate. 
The fact that the broad ovate·-circular shield appears to be the 
predominant form in the Psepheninae suggests that this was probably 
the ancestral psephenid shield form. 
Cuticular Beads and Mucus 
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Inter-specific differences in the shape, density and arrangement 
of the dark, sclerotised, cuticular beads or granules present on the 
dorsal surface of the larvae are evident. The shape of beads in each 
species was best elucidated by scanning electron microscopy as their 
relatively small size (0.05 mm in height or less) and the buildup of 
mucus on various parts of the dorsal surface prevented close examination 
with the light microscope. 'fhe functional role of the beads is not 
entirely clear and is discussed further in Chapter 6. Similar cuticular 
projections are present i.nother psephenid genera, although both their 
structure and arrangement may differ. The relative plesiomorphy or 
apomorphy of these structures is difficult to determine. 
Two species, s. type A and s. zwicki, differ from all other 
Sclerocyphon in the arrangement of the cuticular beads, as well as 
several other features. In s. type A beads are present, in a very 
reduced state, on the lateral laminae and entirely absent from the 
medial region. In s. zwicki they are both laterally and 
medially but are extremely reduced in the medial region. Both 
species possess a coating of mucus over the entire medial region, 
which together with the reduction or absence of beads, results in a 
smooth, shining appearance. While all other possess muco-
secretory pores over much of the dorsal shield a buildup of mucus 
usually only occurs in discrete regions. s. type A, s. zwicki 
and also S. aquaticus larvae possess two longitudinal rows of long 
black setae each side of the midline, while all other species possess 
mucus-coated clumps of short sensilla each side of the midline. It is 
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difficult to comment on the plesiomorphy or apomorphy of these 
various mucus arrangements. Little mention has been made of the 
occurrence of such mucus in other psephenid species, however examinat-
ion of Psephenus herricki larvae, in this study, revealed that mucus 
1.• c· ,, over much of the medial region of the dorsal shield. More 
information needs to be obtained on the role that mucus plays in th('! 
hydrodynamics of larvae. In some circumstances mucus may considerably 
lessen the drag on a submerged object and thus may be of 
to larvae in a particular flow regime (Chapt.er 6) • The different: arrange~ 
for a particular environment as such, be to 
specific environmental conditions rather than indicators of 
stages. 
Dorsa.l pits 
Depressions or pits, usually bordered by cuticular beads occur on 
the dorsal surface of all Sclerocyphon larvae. The number and arrange-
ment: of these is constant within the entire genus. Sclerocyphon type A 
larvae differ from all other species in the possession of extra pits on 
the abdomen. These longitudinal pits are found at the junction of the 
body and the lamina, one on each side of the midliner on tergites 1·-8. 
It is reasonable to assume that the play a sensory role as they 
are situated on the dorsal surface and occur in greatest density on the 
thorax, which is the highest region of the larva projecting into the 
external flow and thus the first region in contact with the external flow, 
at least, when the larva is orientated in the direction of flow. While 
t:his character constitut.es little to the understanding of systematics 
within Sclerocyphon, the occurrence of similar pits in both other eubriim: 
genera and also the Psepheninae (although arrangement and numbt~r may 
differ) represents the common possession of a derived character, that is, 
synapomorphy. This supports Hinton 1 s (1955, 1966) proposed monophyly 
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of ·the t.wo subfamilies. , the fringe of Sclerocyphon 
varies little within the genus, but its similarity to that of Psephenus 
herricki is such as to synapomorphy, rather than convergence, 
between the two subfamilies. 
Gin traps 
Sclerocyphon species can be arranged in three groups according to 
the presence of two, three of four pairs of on the abdominal 
tergites. The species that occur within each group are listed in 
Table 3.1. The term "gin trap", as applied to the Coleoptera, was 
first used by Hinton (1946). He noted that pupae of a number of un-
related beetles had the adjacent margins of one or more of abdominal 
segments sclerotised, forming a simple mechanism for pinching attacking 
insects. Median dorsal gin traps occur in the pupae of the Dermestidae, 
Scarabeidae, , Coccinellidae, , Dryopidae and 
Psephenidae while lateral gin traps occur in the pupae of ·the Tenebrionidae 
and Colydiidae. The occurrence of gin in larvae appears to be 
restricted solely to Sclerocyphon. 
The gin traps of Sc.le:r:ocyphon larvae and pupae are constructed in 
a similar manner to those of the pupae, described by Hinton (1946) . 
Each gin trap consists of two strongly sclerotised, beaded, or toothed, 
separated by a deep depression. When the larva is relaxed the 
abdominal tergites are and the jaws of each gin trap are held 
open, when the larva is touched the abdomen contracts, the tergites 
close up, and the jaws of each gin trap meet. Hinton (1946) concluded 
tha·t gin traps are organs of defence after conducting a number of simple 
experiments, with Dermestes pupae, in which the gin traps were observed 
to close on the legs of invading mites. 
In those species of Sclerocyphon in which the pupae were available~ 
for examination (seven) the gin trap number was found to be the same 
in bo·th the larva and the pupa, except for two species; s. aquat.icus 
3.1 Species-groups in Sclerocyphon based on differences 
"""'------
Locality 
Australian 
mainland 
Tasmania 
in larval gin trap number. 
A 
4 pairs of 
gin traps 
s. maculatus 
s. type A 
s. type D 
S. aquaticus 
S. secretus 
S. lacustris 
B 
3 pairs of 
gin traps 
s. striatus 
s. basicollis 
s. armstrongi 
s. zwicki 
s. type B 
s. type c 
s. type F 
c 
2 pairs of 
gin traps 
s. type E 
and S. macula'tus. 
In these two species larval gin trap·number is four while 
pupal gin trap number is five, a fifth somewhat reduced pair being 
present on tergites 7 and 8. This suggests that at an earlier time 
gin traps were present on more abdominal tergites. 'l'here fore it 
appears that the observed reduction in gin trap number within the 
species of Sclerocyphon represents degrees of apomorphy. 
Bertrand and Watts (1965) described an apparent. reduction in 
gin number from four pairs in the last instar larva to three in 
the earlier instars in two Tasmanian species of Sclerocyphon, s. sp.S 
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and an undescribed species. However, this feature has not been observed 
in any larvae examined in the present study, the gin trap number appears 
to be constant, for all instars, within any particular species. 
In all species, the gin traps are present on the same tergites, the 
most anterior pair: occurring on tergites 3 and 4. Within a the 
gin traps are always of equal length, except in those species possess-
ing four, in which the posterior pairs (on tergites 6 and 7) are always 
much narrower, often less than half the width of preceding The 
reduction of this posterior pair may well be a step towards comple·te loss, 
which would then place them within the three gin trap group. 
The actual process of reduction in gin trap number appears to be 
occurring inS. zwicki. Three pairs of gin traps are normally present 
but several larvae examined possessed two narrow bands of sclerotisation 
on the posterior margin of tergite 6, where the anterior ridges of a 
fourth pair would be expected to occur 1 that is, the larvae possess 
"three and a half" pairs of gin traps. S. maculatus is somewhat aberrant, 
in all four pairs of gin traps only the lower margins are heavily sclero-
tised, giving the effect of four "half" gin traps. In this species it 
appears that all pairs of gin traps are undergoing reduction simultan-
eously. 
Hinton (1946) discussing the phylogeny of the Dermestidae, 
that in this 
"as new habits and structures which serve to 
protect the pupa are acquired the number of 
dorsal gin is reduced". 
This may also be the case in Sclerocyphon. While the gin 
probably do serve as defensive structures the extremely hard cuticle 
of the dorsal surface reinforced with the sclero·tised cuticular beads 
p:r:obably provides considerable protection against attack by arthropod 
such as odonatan and plecopteran nymphs and trichopteran 
larvae. 
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The reduction of gin from four to three always involves the 
loss of the traps on the posterior segments. 
that the gin traps are probably least 
of the abdomen is considerably lower in this 
mechanical advantage to the gin traps. 
It is on these segments 
as the angle of incline 
and provides less 
Bertrand and Watts (1965) noted the presence of gin traps in 
Sc.lerocyphon larvae but attached little taxonomic significance to them, 
probably because of the limited range of material that was available to 
them. However, Bertrand (1969) includes gin number in his spec-
ific diagnoses. 
Morphology of Tergite 9 
Three species-groups, somewhat different to those based on 
trap number can be formed on the basis of 9 morphology. These 
species-groups are listed in Table 3.2 (columns I, II and III) and the 
form of the ninth in each species is illustrated in 3.9. 
The first grouping (column I) is of larvae in which 
9 is square or rectangular in outline with the posterior margin produced 
TABLE 3.2 Species-groups in Sclerocyphon based on differences in the morphology of larval tergite 9. 
Locality 
Australian 
mainland 
Tasmania 
I 
Tergite 9 square-rectangular, 
posterior margin regularly 
curved, longitudinal 
present (exceptS. type A) 
s. type A ridged) 
s. zwicki 
s. aquaticus 
II III 
Tergite 9 approximately triangular, Tergite 9 approximately 
posterior margin sinuous, longitud- semi-circular, posterior 
inal ridges absent. margin sinuous, longitud-
inal ridges present. 
s. maculatus s. striatus 
s. armstrongi s. basicollis 
s. type F. s. type B 
s. type c 
s. type D 
s. type E 
S. secretus 
s. lacustris 
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in a regular curve. This grouping is somewhat diverse. s. type A 
is the most extreme form possessing a ninth tergite that is 
:flat, s. zwicki and s. aquaticus both display longitudinal ridges. 
s. aquaticus also possesses slight sinuosities on the posterior margin, 
a character more associated with the s. striatus species-group (column III). 
'l'he second grouping (column II) is that in which 9 is trian-
in outline, sinuous but lacking dist.inct longitudinal 
although the mid region is raised rather than flat. 
characterised by s. maculat:us. 
This group is best 
•rhe third grouping (column III) represents the most common form of 
tergite 9, in which the tergite is approximately semi-circular but either 
lightly or heavily sinuous and with three longitudinal , either 
weakly or strongly upraised. This group is characterised by s. striatus 
(possibly the most common Australian species) which possesses well defined 
sinuosities and three strongly upraised ridges. 
The ninth tergite is periodically raised in the vertical plane, by 
the larva, to enable active ventilation of the extruded tracheal gills 
beneath. The shape and contouring of 1:his segment is t:hus very 
ant to the hydrodynamics of the larva. This aspect is discussed further 
in Chapter 6 In considering larval hydrodynamics it is reasonable to 
suggest tha·t S. striatus 1 with its strongly and deep 
sinuosities serving to channel fluid flow across the tergite, possesses 
the most advanced tergite 9 form. Conversely S. type A with its virt-· 
ually square ninth tergite, lacking or sinuosities; probably rep·-
resents the most primitive form. The triangular form of tergite 9 
found in s. maculatus lacks discrete ridges but by virtue of its shape 
would still effect con·trol on the fluid passing over it. It is difficult 
to say how efficient this control may be in comparison to that of the 
s. striatus species-group. 
Tergite 9 morphology varies little within the Psepheninae and 
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Eubrianacinae and the ninth tergite in these two groups is much 
smaller than that of the Eubriinae. However the former two sub-
families possess ventral abdominal gills rather than extrusible anal 
gills and thus there is no need for the marked vertical elevation of 
tergite 9 that is required by the Eubriinae for gill ventilation. '.rhe 
ninth tergite of Psephenus herrick.i is nearly square with a regularly 
curved posterior margin and no ridges (Chapter 6) and thus most closely 
resembles the ninth tergite of s. type A. This possibly provides fur-
ther evidence for the claim already made that s. type A tergite 9 morph-
ology is the plesiomorphic expression of tergite 9 form within 
Sclerocyphon. 
The shape of the ninth tergite varies considerably amongst the 
Eubriine genera. However the presence of longitudinal ridges appears 
to be confined to Sclerocyphon and a group of Chilean larvae designated 
Tychepsephenus by Artigas (1963) but which should most probably be in-
cluded in Sclerocyphon (discussed further in the following section) • 
Bertrand (1972) uses the shape of tergite 9 as a diagnostic character 
at the generic level, describing 9 of Sclerocyphon as "plus ou 
moins subtriangulax·". As this character has now been shown to vary 
between species within Sclerocyphon, Bertrand's (1972) key can no longer 
be considered valid in its application to Sclerocyphon. Previously, 
Bertrand and Watts (1965) have considered the shape and contouring of 
tergite 9 to be of primary diagnostic importance in Sclerocyphon al-
though they did not speculate on the phylogenetic significance of 
this character. 
The species-groups based on tergite 9 morphology differ somewhat 
in composition from the groups based on gin trap number, indicating that 
the two character sets are evolving at different rates. The former 
groups 1 rather than the latter, appear to b£~ the more natural groupings 
as species within those groups, in particular those of column III, are 
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related on the basis of a number of other features as well. Table 
3.2 has been separated into two sections, Australian mainland 
and Tasmanian species, to further delineate natural groupings. The 
Tasmanian species appear to be more closely related to each other, 
on a number of features including; the gin number, the form and 
distribution of the cuticular beads, and the pattern of distribution 
of mucus on the dorsal surface, than to any Australian mainland 
Taxonomic Conclusions 
Table 3.3 presents a summary of the chief diagnostic larval charact-
ers used to distinguish Sclerocyphon 'I'he presumed 
morphic/apomorphic condition of characters (where is also 
indicated. A phylogenetic tree (Figure 3.77) has been drawn from the 
information presented in Table 3.3. This diagram represents one possible 
interpretation of the available data but many more are possible. 
Platnick (1977) demonstrates that four possible cladograms and 22 possible 
phylogenetic trees can be drawn up for the same three taxa. The clado·· 
grams represent of relationship (i.e. closest :relatives) while 
phylogenetic trees illustrate ancestor-descendant The 
number of different phylogene·tic trees that can be drawn up for the 14 
species (and larval types) of Sclerocyphon is thus considerable even 
taking into account the available evidence concerning the plesiomorphy 
and apomorphy of various characters. Mayr (1969) notes that the phylo-
geny illustrated in a phylogram (phylogenetic tree) is inferred rather 
than real and thus can only be an approximat.e representation. He also 
states that it is virtually impossible to phylogeny adequately 
in a diagram due to the fact that different characters evolve at differ-
c:'!nt rates, that is, the occurrence of "mosaic evolution". 'I'his has 
been dernons·trated fox· two characters; gin number and 
tergite 9 morphology, in Sclerocyphon. Thus it would be unrealistic 
to suggest that Figure 3. 77 is an exact representat.ion of phylogeny within 
TABr~~ Diagnostic larval characters in Sclerocyphon 
Characters 
* p square-rectangular, posterior margin 
curved 
. 
A Tergite 9 triangular, poster,ior margi.n sinuous 
A Tergite 9 semi-circular, posterior margin 
sinuous 
P Tergite 9 without ridges 
A Tergite 9 with ridges weakly upraised 
A Tergite 9 with ridges strongly upraised 
P 4 pairs of gin traps 
A 3 pairs of gin traps 
A pairs of gin traps 
X 
X 
2 longitudinal rows of black setae mid-dorsally x 
Mid-dorsal senailla in elongate-oval mucus-
coated clumps 
Mid-dorsal sensilla in circular mucus-coated 
clumps 
Mid-dorsal sensilla in shining inverted "¥"-
shaped mucus-coated clumps 
Mid-dorsal sensilla in circular mucus-coated 
clump outlined by ring of shining yellow pores 
Mid-dorsal sensilla visible as discrete mucus-
coated structures not clumps 
Mid-dorsal sensilla. with ornately sculptured 
mucus-coat visibie beneath SEM. 
P Constant ovate-circular shield shape 
A Variable shield shape 
Entire dorsal medial region with thin coat 
of mucus 
Dorsal-medial region with strip of mucus 
above ecdysial scar, each side of midline 
* 
Dorsal-medial region with 2 discrete clumps 
of mucus, one each side of midline 
cuticular beads minute, absent or very 
reduced in medial region. 
cuticular beads clearly visible on body 
and laminae 
Irregular fringe of dark brown setae overlying 
regular marginal fringe 
Regular marginal fringe only 
P Plesiomorphic character 
A Apor!IDrphic character 
X 
X 
X 
X X 
X 
X X X 
X X 
X 
X X 
X 
X 
X 
X 
X X 
X 
X X 
X X 
X 
Species 
X X X 
X X X X X X 
X X X 
X X 
X X X X 
X X 
X X X X X X 
X 
X 
X X X X 
X 
X 
X 
X 
X X X X X X X X X X 
',) 
X X X X X X X 
X X 
X X X X X X X X X X 
X X X X X X X X X X 
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FIGURE 3.77 Phylogenetic tree showing relationships within Sclerocyphon based on larval characters. 
Scle1:ocyphon; it does, however 1 provide some basis for discussion. 
•rhree species, s. type A, S. zwicki and S. aquaticus (all in 
column I, Table 3.2) appear, on a number of features, to be the most 
primitive Sclerocyphon species. The occurrence of symplesiomorphy 
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however cannot be regarded as evidence of close relationship (Hennig, 
1965} and, as indicated in Figure 3. 77, it is likely ·that the three 
species separated at a very early period in their evolutionary history. 
However from these three species a certain amount of information on 
·the ancestral form of Sclerocyphon can be inferred. All three 
(on present information) inhabit permanent rivers and streams of mod-
erate to fast, constant flow regime and it is likely that this represents 
the habitat first occupied by Sclerocyphon larvae. Such habitats would 
have been most common in Australia during the Tertiary but considerably 
more restricted during the Pleistocene, an epoch of profound climatic 
changes (Chapter 4). This in constant flow regime habitats 
and increased competition would have necessitated the invasion of more 
variable habitats (in the extreme case those streams that dry up into 
pools in summer yet also suffer severe in winter). Accordingly, 
larvae developed features that would enhance their survival in such 
habitats. The species that are capable of living in such habitats 
appear to be more common and widespread and thus can be considered more 
successful now than those restricted to the rivers and streams of constant 
flow regime and constant temperature. This is demonstrated by three 
species within the s. striatus species-group (colunrr1 III, Table 3.2), 
which probably represents the most advanced group. Between ·them, 
8. st.r:iatus, S. basi col. lis and S. type C are the most common and the 
most widespread of all the species of Sclerocyphon (Chapter 4) . In 
contrast s. zwicki and S. type A are more restricted in distribution 
and where they occur s~npatrically with species of the S. striatus group 
oft:en occur in lower numbers. 
s. type A is appanmtly a relict 
the Atherton Tableland region of north 
being known only from 
4) • Its 
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possession of several unique larval features indicates that the creation 
of a new genus, representing a more primitive taxon than Sclerocyphon, 
may be warranted. However its similarity, on other charac-ters, to 
S. zwicki which in turn shares a number of common features with all 
other Sclerocyphon species justifies its retention within t:h.e genus at 
this stage. The of s. A with its adult will help 
this situa·tion. 
In reconstructing the evolutionary history of Sclerocyphon it is 
somewhat difficult to decide where t.he s. ma.cula.tus is 
best placed. s. maculatus differs from all other in the possess-· 
ion of uniquely shaped, upraised, mid-dorsal clumps of sensillae which 
are thickly coated with mucus. Its presence in numbers in many 
Victorian streams (Chapter 4) indicates that it is a successful species, 
however the presence of certain plesiomorphic features (four pairs of 
traps and lack of ridges on tergite 9) suggests that it is less 
advanced than species of the S. striatus group. s. armstrongi and 
s. type F more closely resemble each other than s. maculatus and while 
grouped with S. maculatus on the basis of tergite 9 morphology, in 
several other features they resemble species of the S. striatus group·-
ing. 
It has already been suggested that the s. striatus species-group 
represents the roost advanced Sclerocyphon larval form. The occurrence 
of a number of synapomorphies between S. str:iatus, 8. basicol.lis and 
s. type c indicates only recent splits between these 
S. striatus and s. basi.collis are the most closely related di 
only in the form of 9. s. striatus displays the more advanced 
form and thus S. basi.collis probably more resembles the 
species. Although S. type D resembles 8. striatus on tergite 9 morpholoqy, 
in several other features H: resembles species of the S. striatus 
grouping. 
It has already been suggested that the s. striatus species-group 
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represents the most advanced Sclerocyphon larval form. The occurrence 
of a number of synapomorphies between s. striatus, s. basico.Ilis and 
S. type C indicates only recent splits between these s. striatus 
and s. basicollis are the most closely related differing only in the fonn 
of tergite 9. s. striatus displays the more advanced form and thus 
s. basicollis probably more closely resembles the parent species. 
Although S. type D resembles s. striatus on tergite 9 morphology, its 
possession of four gin traps sets it slightly apart from all other 
in the group although this is possibly only a reflection of different 
evolutionary rates in these two characters. Similarly s. type E~ which 
possesses only two pairs of gin traps, could be separated from the other 
species of its group on this character. S. type B, to a certain extent, 
an intermediate form between the S. striatus and S. maculatus 
species-group, possessing a ninth tergite that is more triangular than 
semi-circular in outline. However 1 the possession of longitudinal 
places it within the s. striatus species-group. 
The three Tasmanian species, s. aquaticus, s. secretus and s. lacustris 
form a separate species-group. It has already been no·ted that they appear 
to be more closely related to each other than to any Australian mainland 
species. They have probably all evolved from a single ancestral species 
that also existed on ·the Australian mainland at some stage prior to the 
first flooding of Bass Strait (Chapter 4) . From this ancestral species 
two daughter species evolved, probably after the land link between Tas-
mania and the Australian mainland was severed. One daughter species 
is , now, by S. aquaticus while the second daughter 
underwent a further split resulting in the formation of two sister 
species now represented by S. secretus and S. lacustris. This proposed 
phylogeny is based on the fact that s. aquaticus possesses more 
primitive features than s. secretus or s. lacustris which in turn 
share many synapomorphies. 
S. secretus appears to be the most advanced and successful 'ras·-
man ian being the most widespread and abundant (Chapter 4) 
and occupying a diverse range of habitats. In both morphology and 
habitat rangeS. secretus most closely resembles s. striatus on the 
Australian mainland while s. aquaticus is analogous to s. zwicki. 
s. lacustris has probably evolved in response to an extremely 
specialised niche in the lacustrine habitat, being restricted solely 
to the rocky shores of the lakes of the Central Plateau of Tasmania. 
An analogous lacustrine species has not been found on the Australian 
mainland. However, rocky lacustrine habitats suitable for supporting 
larval populations of Sclerocyphon are considerably more common in the 
Central Plateau of Tasmania than in any region of the Australian main-
land. 
Overall, speciation in the Tasmanian species of Sclerocyphon 
appears to parallel that of the species of Australian mainland Sclera·-
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cyphon. That is, the evolutionary progression of species from a single 
ances·tral form restricted to constant lotic habitats to more 
advanced forms inhabiting diverse and variable hatitats has occurred 
separately, but in a similar fashion, in both Tasmania and on the Austral-
ian mainland. The occurrence of a plesiomorphic feature, four pairs 
of gin traps$ in all Tasmanian species suggests that the evolution of 
this character, at leas·t, is proceeding at a slower rate than in many of 
the Australian mainland species. 
'rhe above argument implies the presence of a common ancestral species 
of Sclerocyphon in both Tasmania and on the Australian mainland to 
the Pleistocene and no re-"invasion from the Australian mainland during 
the Pleistocene. The validity of this is discussed further in 
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Chapter 4. 
In conclusion it must be noted that although this 
of the phylogenetic history of Sclerocyphon has been based only on the 
larval stage it may still be considered valid according to Hennig (1965), 
who states that it does not matter 
"which stage of development is used to establish 
on the ground of synapomorphy" 
and that 
"a monophyletic group remains such even if it 
can be established only with the characters of 
a single stage of development". 
One important feature of the adults does contribute to the proposed 
phylogeny, that is, the striking morphological 
provides much evidence for the inclusion of all 
have been described) within one group, Sclerocyphon. 
Comparison of the Present Study with Previous Work on 
Larval Sclerocyphon 
of all adults 
(for which adults 
It has already been noted (Chapter 2) that previous work on 
Sc.Ie:rocyphon larval systema·tics is confined to two studies, those of 
Bertrand and Watts (1965) and Bertrand (1969) . Probable identifications 
of the five larval types described by Bertrand and Watts (1965) and the 
eight larval types described by Bertrand (1969) are listed in Table 3.4 
and Table 3.5, respectively. 
Bert;rand and Watts (1965) describe the larva and pupa of a 
designated "Sclerocyphon fuscus Armstrong in litteris". This name 
however is a nomen nudum as no description of the adult has ever been 
published. The species is described for thE.l first time in the 
oltudy, (on the basis o.f adult and larval material) as Sclerocyphon arm-
strongi. They suggest that the larva designated as s. sp.5 may be the 
'l'ABLE 3.4 Probable identifications of Bertrand and Watts' 
(1965) larval types. 
Sclerocyphon larval types described 
by Bertrand and Watts (1965) 
s. sp. 1 
s. sp. 2 
s. sp. 3 
s. sp. 4 
s. sp. 5 
Probable identifications 
(present study) 
s. striatus 
s. type C 
s. maculatus 
s. armstrongi 
s. secret us 
'I'ABLE 3.5 Probable identifications of Bertrand's (1969) larval 
types. 
Sclerocyphon larval types described 
by Bertrand (1969) 
* s. sp. A 
s. sp. B 
* S. sp. C 
* S. sp. D 
* s. sp. E 
S. sp. F' 
S. sp. G 
* S. sp. H 
* 
Probable identifications 
(present study) 
** s. type F 
s. type c 
** s. basicollis 
** S. basicollis 
** s. type C 
S. maculatus 
s. zwicki 
** S. striatus 
Description of these species is based on early instar larvae, i.e. 
not last instar larvae (Bertrand, 1969). It is only possible to 
make positive identificati~~s on last instar larvae thus the 
identifications given here must be regarded as tenta·tive. 
larva of S. aquaticus by virtue of its occurrence in localities 
from which adult.s of s. aquaticus have also been recorded. S. sp. 5 
is in fact synonymous with s. secretus, the adults and larvae of 
s. aquaticus and s. secretus respectively have been linked, in the 
presen·t study, by laboratory rearing. 
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One species, S. sp.3, now identified as S. maculatus, is recorded 
from Deloraine, Tasmania, representing the only record of this Victorian 
species in Tasmania. No other Australian mainland Sclerocyphon species 
have been recorded from Tasmania. Dr. Watts kindly made the specimens 
on which their study was based available to me for examination and I 
was able to confirm the identification of the ·two S. sp. 3 larvae as 
S. maculatus. However, despite intensive collection in the Deloraine 
area, no specimens of this species were obtained in the present study. 
Until further specimens of s. maculatus can be found in the region, or 
anywhere else in Tasmania, some doubt as to the validity of the given 
locality must. exist. 
Bertrand (1969) uses not only the form and contouring of tergite 9 
for specific diagnosis but also the presence of long setae on the pos-
terior margin of tergite 9 and the coloura1.:ion of this tergite. Neither 
of the two latt.er characters are considered valid in the present study, 
since long setae have been observed on the posterior margin of tergite 9 
in all species examined while colour patterns appear to be highly variable 
within a single species. 
Bertrand and Watts (1965) establish specific characters for species 
on features of last instar larvae only. Hinton (1955) first noted that 
last instar larvae are easily recognised by the presence of a pair of 
spiracles on tergite 8 and corresponding spiracular brushes on tergite 9. 
Similarly only features of last instar larvae have been used for species 
diagnosis in the present s·tudy. However Bertrand (1969) has described 
five of his eight larval types on larvae of instars earlier than the last. 
'rhis has created inaccuracies and several of his larval types appear 
to represent the same species, 
The Helationship of Sclerocyphon to Other Eubriine Genera 
As noted previously, in his early comparative work on the 
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Dryopidae (= Dryopoidea), encompassing the Psepheninae Psephenidae)~ 
Dryopinae Dryopidae) and Elmidae Helminthidae)~ West (1929a), 
observed that it was features of the dorsal surface or "those portions 
of the a.natomy most freely exposed, and hence liable to be affected 
by environmental conditions" that differed between the species he was 
studying. On the other hand he demonstrated that features of the 
ventral surface, such as mouth parts and legs, exhibit.ed remarkable 
constancy. In accordance with these early observations, Sc.lerocyphon 
shows much similarity to all other psephenid larvae in features of 
the ventral surface (with the exception of the gills), and it is in 
features of the dorsal surface that the greatest differences are 
evident. 
Both Bertrand (1972) and Brown (1976) give generic keys based on 
features of t.he dorsal surface, in particular$ on the tergites 8 and 9. 
Each eubriine genus displays differences in the development of lateral 
projections on tergite 8 (and often in the lateral projections of all 
tergites), the position of spiracles on tergite 8 and t~e morphology 
of tergit;e 9. In addition 1 Sclerocyphon can be immediately separated 
from all other Eubriinae by the presence of gin traps and the possess~ 
ion of only two anal tracheal gill tufts. All other eubriine genera 1 
and all the Psephenoidinae, possess anal tracheal gills which are 
divided into three discrete tufts. It is in the possession of only 
t:wo anal tracheal gill tufts, rat.her t:han three, that Sclerocyphon may 
be regarded as the most primitive genus of the Eubriinae. The occur-
renee of three gill tufts appears to represent an increase in the 
respiratory surface area (in comparison to that available with two 
gill tufts) and so represents the more advanced, or apomorphic, form 
of gill structure. However measurements of both the surface areas 
of the two-tuft:ed gills of $clerocyphon and the three-tufted gills 
of other eubriine genera must be made before this hypothesis can be 
validated. 
In Sclerocyphon the shape of the thoraco-abdominal shield varies 
both within species (probably in response to certain environmen·tal 
factors, Chapter 5) and between species. 'rhe genus ·therefore en·-
compasses a range of forms displayed by other eubriine genera 4 from 
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the broadly ovate-circular shields similar to A.froeubria (and also the 
larvae of Psepheninae and Eubrianacinae) to the narrow elongate shields 
similar to Eubria and Acneus. In most eubriine genera the thoracic 
and abdominal tergites (except the ninth) are extended laterally as 
narrow elongate projections, often recurved a.nd widely separate from 
each other. However, in Sclerocyphon and also the African Afroeubria 
and the Central American Pelonomus,. the tergites project laterally as 
wide flattened laminae, each one in close contact with the laminae of 
adjacent tergites. In Sclerocyphon the laminae of tergi te 8 also 
project posteriorly in close opposition to tergite 9. On the former 
feature Sclerocyphon bears a closer resemblance to the larvae of the 
Psepheninae and Eubrianacinae, and on the latter~ the Eubrianacinae, 
than it does to most other Eubriinae. 
Sclerocyphon, therefore, is quite distinct from all other known 
Eubriinae. A notable exception is a larval form from Chile, desig-
nated Tychepseph......-us (?) by Artigas ( 1963) , From his drawings and 
description these larvae appear to so closely resemble Sclerocyphon 
·that their inclusion within the genus must be considered. Not only 
·the mouth parts and (which are similar throughout the family) but 
also the thoraco-abdominal shield with wide, flattened laminae, the 
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dense covering of cuticular beads, the marginal fringe, the presence 
of a pair of spiracles at the junction of the body and laminae on 
tergite 8, the close opposition of the laminae of tergite 8 to tergite 
9 and the shape and contouring of tergite 9, are all identical to those 
of Sclerocyphon. On the basis of tergi te 9 morphology ·the larvae 
appear closest ·to S. zwicki and S. aquaticus. Unfortunately Artigas 
(1963) does not make any mention of the presence of gin traps nor the 
form of the anal tracheal gills (which in his Figure 10 are obviously 
retracted beneath the operculum and the ninth sternite) • A know-
ledge of both these structures is necessary for the positive inclusion 
of the Chilean larvae within Sclerocyphon. 
The larvae are not definitely associated with an adult form, 
however Artigas (1963) suggests that they may be the larvae of 
Tychepseph~us felix Waterhouse by virtue of the fact that it is the 
only psephenid species recorded from Chile. T. felix was described 
in 1876 from the central region of Chile (Waterhouse, 1876), being a 
new genus and species within the Psepheninae. However, Artigas's 
(1963) larvae obviously belong to the Eubriinae (on the features des-
cribed above). Association of these larvae with their adult is needed 
before a positive identification can be made. 
Although Sclerocyphon appears to have been correctly placed within 
the Eubriinae, the distinctive dorsal morphology of the larva and its 
unique gill tuft number suggest that the genus separated from all other 
eubriine genera at a very early stage in its evolutionary history. 
A further discussion of this point is given in Chapter 4. 
Systematics within the Psephenidae 
The existence of two very different forms of respiratory structure 
in the Psepheninae and Eubrianacinae on one hand and the Eubriinae and 
Psephenoidinae on the other (Psepheninae and Eubrianacinae possessing 
ventral tracheal gills, Eubriinae and Psephenoidinae with retract-
able anal tracheal gills) suggests an ex-tremely early split in the 
evolution of these two groups. From a detailed examination of 
respiratory systems in both pupae and larvae, Hinton (1966) con-
struc·ted a partial phylogeny for the :family. '!'his is based on the 
reduction of functional spiracles and the fact that this process 
appears to be an irreversible one making it possible to distinguish 
between permissible and impermissible derivations. Hinton (1966) 
found that the Psepheninae possess the least reduced respiratory 
system and that respiratory systems of the other three subfamilies 
can be derived from that system. 
On the basis of the different tracheal gill structures within 
the family it can also be suggested that the Psepheninae and its 
apparent sister group, the Eubrianacinae, are more primitive forms 
than ·the Eubriinae and its apparent sis·ter group, the Psephenoidinae. 
'rhe presence of the retractable anal tracheal gills, which undergo 
active ventilation, in the Eubriinae and Psephenoidinae, can be con-
side .red to be an apomorphic feat:ure. These gills allow t:he larvae 
to live in a wide range of lotic habitats, in particular those exper-
iencing variable flow regimes. In contrast, the larvae of the 
Psepheninae and Eubrianacinae possess the apparent.ly plesiomorphic 
ven·tral tracheal gills, which do not undergo active ventilation, and 
so they are restricted to permanent, moderate to fast flowing rivers 
and streams. 
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The similarity found between several features of the dorsal surface 
of the larvae of Sclerocyphon and the larvae of the Psepheninae and 
Eubrianacinae (presented .in the two previous sections) is regarded, 
in this study, as evidence of a common, although very distant, ancestor. 
This study, therefore, albeit limited to only one genus, supports 
Hinton's (1955) classification of the Psephenidae in which the Eubriinae 
are accorded sub-familial st.atus, rather than Bertrand's (1956) 
classification which the taxon at the level of family. 
Bertrand 1 s (1972) later classificat.ion, in which he creates 
three families from the four psephenid subfamilies previously recog-
nised can be criticised on its apparent lack of confonnity to the 
concept of the family Mayr (1969) considers the "family" 
to 
"a monophyletic group of genera which is 
separated from other families by a decided 
gap". 
He recommends that the size of the gap should be in an inverse ratio 
to the size of the family and that the frunily can be distinguished, 
"by certain adaptive characters which fit it 
for a particular niche or adaptive zone 01 • 
certainly the four subfamilies display common adaptive characters for 
their life as members of the stone fauna in lotic communities. Bert-
rand (1972) provides little evidence in support of a polyphylet:ic, as 
opposed to monophyletic, deriva·tion of the genera involved and his 
classification creates three very small families separated by very 
small gaps. 
The most critical factor in accepting or ecting Bertrand's 
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(1972) classification, however, is the argument as to whether the sim-
ilar features exhibited by the larvae of the four subfamilies (in par-
ticular the dorso-ventrally flattened shield and attendant features of 
the dorsal surface) represent synapomorphy or merely convergence, as 
assumed by Bertrand. Therein lies the of Hinton's inter-
pretation of psephenid phylogeny based on the presence of functional 
and non-functional spiracles and in the words of Mayr (1969) giving 
"an indication of art underlyin~f basis rather 
t.han more adaptations to a particular: envir\)nment. 
Obviously more information on both the adults and the larvae 
of various species, in particular, the relatively unknown species of 
Africa, South America and Asia, is needed before the debate on 
enid phylogeny can be resolved, 
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PART TWO 
CHAPTER FOUR 
DISTRIBUTION AND ZOOGEOGRAPHY 
4.1 
Zoogeography may be defined as the study of patterns of animal 
distributions in time and space. Implicitly, such a study aims t.o 
explain, rathe:r: than merely catalogue, distributions. 
The main questions to be answered in the present study are 
1. What are the distribution patterns of 
Sclerocyphon? 
of 
2. How may these distributions be explained? 
Platnick and Nelson (1978, p.l) state that 
" .•• historical explanations of biotic distribution 
patterns fall into two classes, dispersal explanat-
ions and vicariance explanations." 
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In dispersal models, disjunctions in animal dist.ributions are explained 
the occurrence of dispersal across pre-existing barriers while in 
vicariance models disjunctions are explained by the appearance of 
barriers fragmenting the ranges of ancestral species. 
Much debate has taken place, in the past five years, on t.he validity 
of each model. The vicariance model is favoured by many biogeographers 
as i.t enables hypotheses to be developed which are testable or falsi~ 
fiable and thus represent scientific explanations, sensu Popper (1959). 
Hypotheses developed using the dispersal model are not falsifiable but 
McDowell (1978, p.340) suggests that the dispersal model should still 
be included in biogeographical models "for the sake of a more realist.ic, 
even if less rigorous theory 11 • 
The appropriateness of either model would seem ·to depend very 
much upon the group(s) of animals 1 and 1 in particular, upon the vagility 
of the group(s), under consideration. As Thornton (1980, p.265) has 
noted 
" ... the fact that one of event •.. 
vicar.iance or . . . has occurred 
does not logically exclude the possibility 
of the other ••. " 
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and i·t seems likely that both contribute to t;he of distributions. 
Both models will be employed, in the present study, in an 
to explain the distributions of Scle:r:ocypl10n. 
An important component of many vicariance 1nodels is the 
of con·tinental drift, or its more recent extension, tectonics, 
and it is only in the last 15 years that this ·theory has received uni-· 
versa! recognition and acceptance. Wegener's theory was first 
in 1912 and although Du Toit expanded upon it in 1937, it was tlle subject 
of controversy and disbelief for many years. No·t until the 1960's when 
evidence of the past positions of continents was provided by palaeo-
magnetic data, and studies of ocean floors revealed a mechanism for drift 
(sea-floor spreading) did the theory achieve widespread acceptance 
(Smith 1 1974) • 
Prior to 1:he acquisition of evidence in support of 
continental drift some zoologists, including Illies (1965), Brundin (1966) 
and Ross (1967) believed tha.t ·the disjunct distribution patterns of sev-
eral freshwater insect groups were evidence of past land connections 
linking South America with Australia - New Zealand through Antarctica 
The basic tool of zoogeography is taxonomy (Mackerras, 1970) and 
many workers including Brundin (1966), Ross (1967), Edmunds (1972) 1 
Nelson (1973), Ball (1975), Platnick and Nelson (1978) 1 McDowell (1978, 
1980) and Zwick (1981) have emphasised the importance of basing zoogeo~ 
graphical analysis on strictly phylogenetic (cladistic) classifications. 
Zwick (1981) notes that phylogenetic is a historical science 
in that it is concerned with the reconstruction of genealogies, and there-
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fore represents the only valid partner of historical biogeography. 
Although the phylogeny of the Psephenidae is still under debate 
(Chapter 3), the proposed phylogeny of Sclerocyphon presented in this 
study (Chapter 3) does allow some comments to be made on the zoogeography 
of the genus. 
A brief account. of the Australian environment, and present, 
is given, in the following section, to provide a basis for the discussion 
of factors which may have influenced the distribution of Sclerocyphon 
in Australia. The distributions of Sclerocyphon and larval 
types described in Chapter 3 are documented and discussed in the light 
of the above knowledge. A but brief account of the world-wide 
distribu·tion of the Psephenidae is also given. 
Figure 4.1 is a map of Australia on which the localities referred 
to have been marked. The term Australia is taken to mean both the 
Australian mainland and Tasmania. Cox et a.I. (1976) is the source of 
the geological time scale referred to in the following text. 
4.2 The Australian 
Geological History 
Much evidence now exists indicating that Aust.ralia, with 
Antarctica, New Zealand, South America, Africa, India, Ceylon and Mada-· 
gascar previously formed one southern supercontinent$ Gondwanaland. 
Europe, northern Asia and North America formed a northern supercontinent, 
Laurasia. These two landmasses were intact and probably united, as 
Pangaea, at the beginning of the Triassic, 225 m.y. ago (Valentine and 
Moores, 1970). They separated during. the early Mesozoic and large 
scale drifting of the continents has taken 
(Smith, 1974). 
since the Cretaceous 
The sequence of events in the break up of East Gondwanaland is 
WESTERN AUSTRALIA 
NORTHERN 
TERRITORY 
1----
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QUEENSLAND 
I 
i SOUTH AUSTRALIA ' --- ---· - ,-...... MacPherson Ra. I - ~ ' 
I 
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New England Tableland 
I ~~ Mt. .KOSC1USk" 
I VICI'ORIA .... _, l ~At • ..--:Fo----A .C. T. 
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Otway Ra. 9 0 
Central Platea~~ TASMANIA 
~obart 
FIGURE 4.1 Map of Australia showing some localities referred to in the text. 
,;umm;lriscd in 0 tectonic calendar comp).led by Powell et a.l. (1981) . 
'l'he breakup commenced with ·the of Greater India, 125 m y. 
ago. 'fhe rifting of the Austro-antarctic plate appears to have com-
menced in the Late Cretaceous, 80 m.y. ago, with New Zealand separating 
from West Antarctica and moving northwest. 
The present regional geography of Australia is a .result of the 
breakup and spreading out of a geosynclinal belt on the eastern margin 
of Gondwanaland (Raven and Axelrod, 1972). The Austro-antarctic plate 
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started moving northwards in the Late Cretaceous and Australia separated 
from Antarctica in the Paleocene/Eocene, 55 m.y. ago. Until this time 
Australia had been linked with South America through Antarctica and these 
latter two continents remained in contact until the Oligocene, 29.3 m.y. 
ago. It was the northward movement of the South Tasman Rise, away from 
Antarctica, and the opening of Drake's Passage to oceanic currentst 
23.5 m.y. ago, that allowed a circum-Antarctic current to form. This 
event. was of major climatic as it represented the beginning 
of the modern role of Antarctica as a dominant force in determining the 
world's weather {Coleman, 1980). 
Separation of Africa from South America had occurred earlier, 
110 m.y. ago, while the separation of Africa from Antarctica probably 
occurred 90 m.y. ago (Raven and Axelrod, 1972). 
Climatic History 
The Tertiary 
A review of the paleoclimatic and paleobotanical data relevant 
to Australia during the Tertiary has been presented by Kemp (1978, 1981). 
She suggests that the evolution of both the Australian and Antarctic 
environments over the last 60 ""·Y. are linked. During that 
time Australia also underwent a s·teady northward drift, resulting in 
it's passing through a range of climatic belts, the width and nature 
of which were also changing. 
The early Tertiary in Australia was characterised by both wide-
spread humidity and warmer temperatures than those now 
(Kemp, 1978) . Beard (1.977) that a 
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humid non-seasonal climate during the Eocene and Genti.lli (1961) believes 
that moister climates than today in Australia during most: of 
the Tertiary. As a result of such climates rainforest dom-
inated the Australian landscape from the Paleocene through to the Miocene 
(Kemp, 1978) • 
A significant drop in temperature occurred in southern hemisphere 
localities at the Eocene-Oligocene boundary, 40 m.y. ago , 1978) 
and the circum-Antarctic current which developed close to the Oligocene-
Miocene boundary (as described above) must have been a significant factor 
in reducing the efficiency of meridional heat 
equator and pole (Kemp, 1981) , 
between the 
During the Miocene Australia's climate was influenced by both 
the continued northward drift of the continent and a ma.rked increase in 
the volume of ice in Antarctica (Kemp, 1981). Sea surface temperature 
determinations indicate that early Miocene seas were warmer than both 
the preceding Oligocene and present day temperatures and precipitation 
would have been high. In the late Miocene the An·tarctic ice sheet 
underwent rapid expansion and this appears to have affected the Aus-
t:ralian climate by both lowering temperatures and increasing dry, anti-· 
cyclonic circulation (Kemp, 1981). 
Raven and Axelrod (1972) consider that Australian desert and 
semi~desert regions developed in post-Eocene times as the continent 
moved into the world~wide belt of reduced precipitation at the 
of the tropics, "the horse latitudes". Bowler et al. (1976) 
that the t:rend towards aridity in Australia began in the middle 
Miocene. Galloway and Kemp (1981) consider the Pliocene to have 
been an important phase in a climatic change towards increasing 
aridityg although they note that climatic data for Australia during 
that epoch is sparse. Overall the Tertiary appears to represent a 
period of long-term climatic change in Australia, from widespread, 
warm tropical conditions to cooler climates and increasing 
the centre of the continent. 
The Quatenary 
in 
The most recent epoch, the Pleistocene, has been a time of even 
more dramatic climatic changes than the 
and Middle Pleistocene Aus·tralia was influenced 
the 
world-wide changes 
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in sea level and climate. The climate appears to have been predominantly 
dry but, as very little paleoclimatic data is available for that 
time. More information is available on the Late Pleistocene. and Holocene 
climates and Bowler et a.l. (1976) have provided a comprehensive account 
of these. 
Between 60,000 and 40,000 years ago conditions in Australia. were 
drier and possibly colder than today. Tasmania and to a lesser extent, 
the Snowy Mountains, had a late Quaternary ,000 - 15,000 years ago) 
glacial episode that may have been equivalent t.Q the late WUrm-Wisc()nsin 
glaciation of the northern hemisphere. This was a period of both low 
tempera·tures and great aridity in Australia. Between 000 and 10~000 
years ago temperatures rose rapidly and most of the ice disappeared. In 
the last 10,000 years the climate has been relatively stable although a 
period of higher rainfall and warmer conditions than present occu:r:red 
6-9,000 years ago (Bowler et al., 1976). 
Galloway and Kemp (1981) believe that comparable to those 
of the last 40,000 years occurred repeatedly ·throughout the Pleistocene 
and note t.hat 1 throughout the Late Cainozoicu conditions appear 
to coincide with low temperatures and wet condit:ions with warmer 
temperat.ures. 
Land Connections Between the Australian Mainland and Tasmania 
'I.'asmania is presently separated from the Australian mainland 
by Bass Strait, a strip of water at its narrowest only 240 km 
wide and at its shallowest less than 70 m (Williams, 1974) . Bass 
Strait is a flooded NW-SE trending elliptical which 
about 65 m.y. ago, during the separation of Australia and Antarctica 
(Griffiths, 1971). 
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'l'asmania first became isolated from the Australian mainland with 
·the flooding of Bass Strait during the Miocene but was later reconnected 
for a period, during the Pliocene, by an eastern land 
through Flinders Island to Victoria (Williams, 1974). 
passing 
Sea levels fluctuated repeatedly through more than 200 metres 
dm:ing the Pleistocene (Galloway and Kemp, 1981) as a consequence of 
which 'l'asmania and the Bass Strait Islands were connected to the mainland 
several times by an extensive landbricge. It appears that Tasmania was 
last linked to the mainland between 22,500 and 12,750 years ago (Rawlin-
son, 1974) a period during which southern Australia experienced a full 
glacial climat.e. 
Physiography 
Australia, consisting of the Australian mainland (7,614,500 square 
kilometres) and Tasmania (67,800 square kilometres) lies between the 
latitudes 10 degrees and 40 degrees south 
Three physical subdivisions are recognised in the continent; 
the Western Plateau or Western Shield, the Central Lowlands or c(mtral 
Basin, and the Eastern Highlands (Figure 4.2). The Western Plateau 
EIJJ] altitude >300 rn 
~ Great Dividing Range 
Central 
Lowlands 
Q 
~ ... ::·: ........ .. ·:::.-
'tri 
w 
FIGURE 4.2 Major physical subdivisions of Australia a nd the Great 
Dividing Range. 
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FIGURE 4.3 Map of rainfall in Australia (after Gentilli, 1972 ). 
extends over the western half of the continent and is a vast flat 
surface of moderate elevation mostly between 200~500 m aboV('! sea 
level. The Cen·tral I.owlands is composed of two large sedimentary 
basins and smaller associated basins characterised by low relief and 
very low gradients. The Eastern Highlands form an elevated 
extending from north to south parallel to the eastern seabord and 
including the Bass S·trait Islands and Tasmania. An east-west spur 
is present in Victoria extending from the Victorian Alps to the 
Grampians in western Victor.ia. The Great Dividing is the pre-
dominant feat.ure of ·the Eastern Highlands on the Australian mainland. 
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The Great Dividing Range (.illustrated in 4.2) is so named because 
it forms an important divide between the shorter east coast rivers and 
the extensive river systems of the Murray-Darling and Carpentaria Basins 
to the west. 
The Eastern Highlands correspond t.o the Eastern Orogenic Province 
(Nix, 1981) and are a result of tectonic movements which commenced in 
the Mesozoic and continued through to the Tertiary. These movements 
broadly coincided with the breakup of Gondwanaland and the 
of the Australian-Antarctic plate, Nix (1981) nCJtes that various lines 
of evidence suggest that the present configuration of upland areas and 
drainage patterns is much the same as that that existed by the to 
mid Tertiary. 
Altitudes in the Great Dividing Range extend from 500 to 1,000 m 
with individual mountains exceeding 1,500 m in Tasmaniax the Victorian 
Alps, the Snowy Mountains, the New England region and north Queensland. 
'l'he highest peak in Aus·tralia is Mt. Kosciusko, at 2 228 m, in the Snowy 
Mountains (Nix, 1981). 
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Climate 
Rainfall 
The overall pattern of rainfall distribution in Australia has been 
described as a series of concentric zones of steadily increasing rainfall 
spreading outwards from a vast central arid region (Keast, 1959) • A 
map of the average annual rainfall in Australia Gentilli, 1972} 
is given in Figure 4.3. The actual distribution of rainfall throughout 
the year changes between northern and southern Australia. In the nort.h 
rainfall is a predominantly summer phenomenon, in the eastern 
between Rockhampton and Victoria rainfall is well distributed 
the year, while in the southernmost 
rainfall is at a maximum in winter. 
'l'asmania is given in Chapter 5. 
of mainland Australia and Tasmania 
A more detailed rainfall map for 
Temperature 
In Australia temperatures are mainly controlled latitude but 
may be considerably modified by altitude (Gentilli, 1972). In the 
northern half of Australia, temperatures are high 
year with summer maxima usually over 38°C (100°F) • 
most of the 
In the southern 
hal temperatures vary considerably but average temperatures are more 
mode.r.a.te (Gent.illi, 1972). 
Climatic Zones 
1~e con~ined effects of rainfall distribution and temperature 
on the Australian environment are best illustrated by the delineat-
ion of climatic zones. The Australian climate has been represented as 
a number of different zones by different workers. The climatic indices 
of Thornwaite (1933) and Koppen (1936) are most widely used throughout 
the world. Thornwaites' (1933) method of climate classification is 
followed in the present study and Thornwaites' zonation of the Aust.ralian 
FIGURE 4.4 Climatic zones in Australia by Thornwaite~ (1933) classif-
ication (after Keast, 1959). 
A A'r 
B A'w 
B B'r 
C A'w 
C B'r 
c B's 
C B'd 
D A'w 
D B's 
D B'd 
E A'd 
E B'd 
Humidity: wet. Temperature:tropical. Vegetation: Rainforest. 
Rainfall abundant at all seasons. 
Humidity: humid. Temperature: tropical. Vegetation: Forest. 
Rainfall deficient in winter. 
Humidity: humid. Temperature: mesothermal. Vegetation: Forest. 
Rainfall abundant at all seasons. 
HUmidity: subhumid. Temperature: tropical. Vegetation: Grass-
land. Rainfall deficient in winter. 
Humidity: subhumid. Temperature: mesothermal. Vegetation: Grass·-
land. Rainfall abundant at all seasons. 
Humidity: subhumid. Temperature: mesothermal.. Vegetation: Grass-
land. Rainfall deficient in summer. 
Humidity: subhumid. Temperature: mesothermal. Vegetation: Grass-
land. Rainfall deficient in all seasons. 
Humidity: semiarid. Temperature: tropical. Vegetation: Steppe. 
Rainfall deficient in winter. 
Humidity: semiarid. Temperature: mesothermal. Vegetation: Steppe. 
Rainfall deficient in summer. 
Humidity: semiarid. Temperature: mesothermal. Vegetation: Steppe. 
Rainfall deficient in all seasons. 
Humidity: arid. Temperature: tropical. Vegetation: Desert. 
Rainfall deficient in all seasons. 
Humidity: arid. Temperature: mesothermal. Vegetation: Desert. 
Rainfall deficient in all seasons. 
158 
climate is Hlustrat:ed in Figure 4.4. This figure, however, must be 
regarded as a large scale, classification of climatic zones 
Considerably more detailed descriptions can be drawn up, as illustrated 
by a climatic map of Tasmania constructed by Gentilli (1972, p.254) 
using Thornwaites' method, 
From Figure 4.4 it can be seen that Australia's climatic zones 
lie in an approximately series from north to south and grade 
into each other. A zone of particular interest is the Atherton-Cairns-
Innisfail region of northern Queensland. This is to 
Aust.ralia in that it 
throughout the year. 
warm temperatures and abundant 
This region is 
Australian mainland (Gentilli 1 1972). 
as the wettest of the 
Innisfail receives over 600 mm 
in one month, March, 2,560 mm in the five months from December to 
and more than 3,500 mm in the entire year. An extensive region 6n tl1e 
west coast of Tasmania also receives over 2,000 mm per annum witl1 one 
locality, Lake Margaret, receiving an average rainfall of 3,683 mm 
(Gentilli, 1972)p however, the 
temperate, ratl1er t~an warm. 
of this region are cool 
4.3 
The distribution of Sclerocyphon and larval types, des-
cribed in Chapter 3, are in Figures 4.5 ~ 4.23. Data 
to the collection of specimens in each species is provided under 
"Material Examined" (Chapter 3) and in Appendix A. 'rhe number of records 
of each species is marked in the left handcorner of each map. Where 
localities occur very close together some have not been marked on the 
map. 
Sampling in •rasmania and Victoria was fairly extensive and thus a 
lack of records of Sclerocyphon from any 
States is seen as reflecting a real absence. 
region of these two 
Sa~pling elsewhere in 
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S.serratu§ 
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FIGURE 4.11 Single record of Sclerocyphon serratus. 
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4.12 
S.coUarls· 
Records of Sclerocyphon collaris. 
records is shown at lower left. 
\j 
Total number of 
1 
7 
Records of Sclerocyphon aquilonius. Total number of 
records is shown at lower left. 
FIGURE 4.14 Records of Sclerocyphon nitidus. Total number of 
records is shown at lower left. 
S.type A 
8 
~~~~4~·~1~5 Records of Sclerocyphon type A. 
is shown at lower left. 
7 
\j 
Total number of records 
4.16 Records of Sclerocyphon type B. Total number of records 
------- is shown at lower left. 
32 
FIGURE 4.17 Records of Sclerocyphon type c. 
is shown at lower left. 
§typeD 
1 
Total number of records 
FIGURE 4.18 Single record of Sclerocyphon Type D. 
§typeE 
2 
FIGURE 4.19 Records of Sclerocyphon type E. 
is shown at lower left. 
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FIGURE 4.20 
§.type F 
Records of Sc.lerocypbon type F. 
is shown at lower left. 
Total number of records 
Total number of records 
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FIGURE 4.21 Distribution of Sclerocyphon secretus. Total number of 
records is shown at lower left. 
S.aquaticus • 
Distribution of Sclerocyphon aquaticus. Total number of 
records is shown at lower left. 
lacustris e 
FIGURE 4. 23 Distribution of Sclerocyphon lacustris. Total number of 
records is shown at lower left. 
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Australia ha.s been less comprehensive making it difficult., a·t 
to discern if the abE>ence of Sclerocyphon from a seemingly suitable 
is a t:rue one or merely a reflection of a low sampling intensity. 
Australian Mainland 
Sclerocyphon striatus (Figure 4.5) 
S. striatus is the most common of the Australian mainland. 
It occurs in the rivers and streams of the Great Range frc)m the 
region immediately north-east of Melbourne, in Victoria, to the Peel 
River, on the New England Tableland, in northern New South Wales. 
This species has also been recorded f.rom the o·tway and 
as well as lowland western and eastern coastal regions, in Victoria. 
It appears to be most common in that region of the Great Divide 
known as the Australian (Figure 4.1). 
'rhe occurrence of S striatus in both high altitude and lowland 
habitats indicates that the larvae are tolerant of a fairly wide range 
of temperature and flow conditions. Adul·ts of this fly at 
night as they have been collected at mercury-vapour lamp light 
This phenomenon has been recorded in only two other 
and S. zwicld. 
Sc.l.erocyphon ma.culatus (Figure 4.6) 
This species possesses a distribution similar to, but more restricted 
than, that of S. striatu.s. It occurs in the rivers and streams of ·the 
Great Divide from the region immediately north-east of Melbourne to Darrigo, 
on the eastern edge of the New England Tableland, in northern New South 
Wales, West of Melbourne it has been recorded from the Otway Ranges 
and Meredith but not from the drier regions further west which are inhabited 
by s. striatus and s. armstrongi. 
s. maculatus is most abundant in the Victorian section of the 
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Australian but elsewhere it is far less common than S. stri.<:!tus, 
Although it displays a predominantly upland distribution its occurnmce 
in several lowland areas, including the Morwell-Traralgon district of 
south--eastern Victoria, and Sydney (exact locality not specified) in-
dicates that it is not entirely restricted to higher altitudes. 
Further collection in New South Wales is needed to determine the 
northern limits of the distribution of this species. 
Sclerocyphon zwicki (Figure 4.7) 
This resembles the previous two in its distribution 
although its range is considerably more restricted. It occurs 
the Great Divide from the YarraRiverq in south--eastern to 
Barrington House, ·near Salisbury, on the southern edge of the New England 
Tableland, in New south Wales and appears to be restricted to high 
altitudes. 
Larvae have rarely been collected in largre numbers a·t any site and 
they appear to be less abundant and to occur in fewer streams than either 
s. striatus or S. maculatus. However 1 the larvae appea:c to be restricted 
to rocks in the most torrential sections of rivers which makes them 
difficult to collect (Dr, P. Zwick~ pers. comm.) and thus possibly so 
appear even rarer. 
The restriction of S zwicki to both larger streams (and rivers) 
and high altitudes suggests that it requires constant, moderate to fast 
flow regimes and cool water 
Sclerocyphon basico11is (Figu.re 4 .8) 
S. basi col Lis, which occurs along the east coast of Australia from 
1\ielbourne, in south··eastern Victoria, to Kuranda, in northern Queensland, 
is the most widespread Its distribution is virtually continuous 
along both the Great Divide and the coastal lowlands from Melbourne to 
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Cooran in southern An occurs between 
the latter site and northern Queensland, Further is nee-
essary to determine whether this disjunction is a real one or merely a 
product of insufficient sampling. 
Although this has been recorded from bot~h highland and 
lowland regions it appears to be more common in lowland streams. This 
suggests that the 
temperatures and flow 
is tolerant of a fairly wide range of stream 
Sclerocyphon minimus (Figure 4.9) 
'!'he range of this is nearly as extensive as that of 
S. bas.icollis. It occurs in ·the eastern coastal and on the 
eastern slopes of the Great Divide from Minnamurra Falls, near Kiama, 
in southern New South Wales, to the Mcivor , 65 km north of Cooktown, 
in northern Queensland. Its distribution is 
gxeatest number of specimens having been collected from the Atherton-
Cairns region of northern Queensland. 
the 
The present dist:ribution is based only on records of the adult as 
the larval form is still unknown. Once adult and la~Ja have been 
associated, permitting the identification of larval material in existing 
collections, and further collecting is carried out~ information on the 
distribution of this * should increase considerably. 
Sclerocyphon armstrongi (Figure 4.10) 
This species appears to be restricted to the south-western region 
of eastern Australia. It is the only species occurring in South 
Australia and has been recorded from the Mt. Lofty Range and adjacent 
lowland areas near Adelaide It also occurs in the Grampian and 
adjacent: regions in western Its occurrence in the generally 
* 
'I'his note also to some of the following 
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low altit.ude streams of these regions that it has 
to the fairly harsh environmental conditions ·there during the 
summer months. 
These streams experience elevated temperatures and little or no 
flow during summer. 
Sclerocypllon serratus (Figure 4.11) 
s. serratus has been recorded only from the •rarnwort:h 
on the New England in northern New South Wales and few con~ 
elusions regarding its range and habitat requirements can be made from 
* this single record. The note also applies to this 
Sclerocyphon collar is (Figure 4, 12) 
This species appears to be restricted to Queensland and, in particular, 
north Queensland, the greatest number of having been collect:ed 
* in the Cooktown-Cairns region. The note also to this species. 
Sclerocyphon aquilonius (Figure 4.13) 
This species has been recorded only from Cascades 11 near 
Cairns, which is a permanent stream running off the eastern slopes of 
the Lamb Range, a section of the Great Dividing Range 1 in northern 
* Queensland. The note also applies to this 
Sclerocyphon nitidus (Figure 4.14) 
This has been recorded from only two localities; Lamington 
National Park in southern Queensland and just across the New South Wales 
State boundary, at Whian Whian State Forest. It is possible t~at this 
species is restricted to streams running through the dense sub-tropical 
* forest in the coastal ranges of this region. The not"e also applies to 
this 
163 
Sclerocyphon type A 4 .15) 
Larvae of this type appear to be restricted to the Atherton~ 
Cairns region of northern Queensland and, as already suggested (Chapter 
3) they may well be the larvae of s. aquilonuis, which also appears to 
be restricted to region. 
Association with its adult and further sampling is needed to 
** accurately determine the range and habitat of this 
Sclerocyphon type B (Figure 4.16) 
This larval type has a predominantly southern Queensland distribution 
although it has been recorded from one locality further north, the Alice 
River at Townsville. Larvae of this type occur in t.he lowland streams 
of the coastal region which attain high during the summer 
months and they may well have evolved in response to this 
environment. ** See note 
Sclerocyphon type C (Figure 4 .17) 
The range of this larval ·type is as it occurs 
from Coen, on York Peninsula, in northern Queensland to the Armidale-
Kempsey region, on the eastern slopes of the New England Tablelandt in 
northern New South Wales. Its occurrence in Upper 
the Coen district of Cape York Peninsula 
record of Sclerocyphon. 
in 
the northern-most 
The distribution of this larval is predominantly northern, 
the greatest number of being recorded from the Atherton-Cairns 
district of northern Queensland. This type may represent the larval 
form of S. minimu.s (as suggest.ed in Chapter 3) on the basis of their 
similar distribution, 
** 
** See note 
This note applies t;o all the larval types 
Sclerocyphon type D (Figure 4.18) 
This larval type has been recorded from only one locality, 
Lamington National Park in southern Queensland. This type may rep-
in Chapter 3) on 
** 
resent the larval form of s. nitidus (as 
the basis of their similar distributions. See note 
Sclerocyphon type E (Figure 4.19) 
This larval type has been recorded from two a 
creek near Tamworth and a creek at at altitudes on the 
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New England Tableland, in northern New South Wales. This 
resent the larval form of s. serratus (as suggested in 
may rep-
3) on the 
** basis of their similar, restricted, distributions. See not.e 
Sclerocyphon type F (Figure 4.20) 
This larval type is fairly widespread, its range extends along the 
east coast from the Burdekin River in northern to the Armidale·-
Kempsey region of the eastern slopes of the New England 'l'ableland in 
northern New South Wales. 
Tasmanian Species 
** See note 
•rhe three species described bel. ow are all endemic to Tasmania. 
Sclerocyphon secretus (Figure 4.21) 
'rhis species is the most common and widespread of the Tasmanian 
of Sclerocyphon. The larvae occupy a diverse range of habitats, 
occurring both in large, cold fast-flowing streams and rivers and in much 
smaller streams of variable flow, Some of these smaller streams exper-
iencf:! relatively high and dry up int.o pools in the summer. 
Larvae occur in both lowland and upland streamsu but. never above the 
treeline. From Figure 4.21 it can be seen that S secretus occurs in 
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all regions of 'l'asmania except the lakes of the Central Plateau and 
the soft, granit.e substrates of the north east. 
Sclerocyphon aquaticus (Figure 4.22) 
This species occurs throughout most of Tasmania but .it is far less 
common than S. secretus. It appears to be restricted to the cool, 
strearns and rivers of moderate to fast, permanent flow. Substrate plays 
It is most some part in de·termining the occurrence of this 
common on dolerite substrates but does not occur on the whi·te 
substrates that predominate in many of the streams of the west and south-
west of Tasmania or on the soft substrates of north eastern streams. 
Sclerocyphon lacustris (Figure 4.23) 
This species appears to be restricted to the wave-swept rocky shores 
of the lakes of the Central Plateau. Its distribution extends from Dove 
Lake in the north-west of the Plateau, to Pine Lake in the north-east, 
lra.ke Sorell and I"ake Crescent in the south-east and Shadow Lake in ·the 
south-west of the Plat:eau. 
It is likely that this is present in most of the lakes of 
the Cen·tral Plateau that are large enough to experience some wave action 
and have not been affected by hydro-electric power 
A number of lakes on ·the Central Plateau have had thei:r: water levels 
raised for power generation and these levels are subject to considerable 
long-term and short-tenn fluctuations. Although the natural lakes of 
the Central Plateau also experience considerable fluctuation in level 
during ·the course of a year they still possess a well-developed, extensiVE'> 
rocky shore line. It is this lack of an established rocky shore in dev-
eloped lakes that is probably limiting to the presence of s. lacust.ris. 
s. lacustri.s larvae were present in Great Lake in 1953 (Chapter 3). 
However, this lake has since been part of a major power development and 
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its water level has been raised considerably on two occasions. 
S. .lacust:ris has not b~en found in Great Lake the study. 
4. 4 DiscwJsion 
Factors Influencing the D.i.stribut.ion of Sclerocyphon 
Physiography 
The dist:ribution of Sclerocyphon in Australia is illustrated in 
4,24 (compiled from 4 • .5- 4.23, the distributions of 
A comparison of this map with the orographic map 
4.2) reveals that the distribution of the genus is virtually restricted 
t.o the Eastern Highlands. With the of s. , which 
is found in South Australia, all Australian mainland of Sclera--
cyphon have been recorded from the slopes of the Great Dividing Range 
or the lesser ranges and coastal plains between the Great Divide and 
the eastern seabo:ard. 
However, it is not the Eastern Highlands per se that control the 
distribution of the genus but rather the climatic and geological condit·-
ions that exist in the region. Keast (1959) noted that the Great Divide 
is a vast rainfall and as such provides a wide range of environmen·ts. 
Consequently it is the scene of much of the biological of the 
Australian continent. 
CUma·te 
Comparison of the distribution map of the genus (Figure 4.24) and 
the rainfall map of Australia (Figure 4. 3) reveals thr;:t the majority of 
Australian mainland 8clerocyphon have been recorded from the coa.stal strip 
of c.:wtern Australia experiencing more than 750 mm of rain annually, 
In both Victoria and New South Wales some larvae have been recorded from 
west of the 750 mm isohyet, in regions receiving as little as 500 mm of 
eain a yr:::ar. Sclerocyphon occurs throughout Tasmania which receives 
FIGURE 4 Distribution of Sclerocyphon in Australia. 
EYREAN 
FIGURE 4.25 Faunal provinces in Australia (after Mackerras, 1970). 
500-750 mm of rain per annum on the east coast 
of 3660 mm on the west. coast., 
t.o a maximum 
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'rhe widespread distribution of Sclerocyphon from Cape York, in 
the north of Australia, to 'l'asmania, in the south, indicates that temp-
erature, alone, may not be a limiting factor. However some 
to possess definite upper limits of thermal tolerance. 
The range of climatic zones occupied by is documented in 
Table 4.1. This table indicates the oc:currence of in th<"! climatic 
zones constructed from Thornwait.es' (1933) method of classification 
Figure 4.4). 
A number of species including s, maculatus, S. zwick.i, s. n:itidus, 
S. serratus, S. secretus, S. aqua ticus P S. lacustr.is and larval 
D and E, are restricted to regions of low to modera·te temperatures and 
year~round rainfall. 
S. basicoll.is and S. minimus both e.xtend over the nuwJer 
of zones (4), tha.t they are able to cope with a range 
of temperatures and winter~deficient rainfall, s. al·though 
recorded from a smaller number of zones (3), appears to be the 
best adapted ·to variable rainfall conditions. This has been 
recorded in areas experiencing three different rainfall regimes; abundant 
year-round 
fall. 
winterc-deficient rainfall and su:rnrner~deficient rain-
A summer~deficient rainfall regime .is likely to an extremely 
harsh environment. to larvae of Sclerocyphon. r.arvae are dependent upon 
dissolved oxygen for respiration. During sununer when water temperatures 
are high. the amount of available oxygen decreases and if the flow is 
also reduced, lack of dissolved oxygen may well become a limiting factor 
to the species. Although last instar larvae may escape this situation 
by leaving th<.~ water and breathing air t:hrough the spiracles until pupation 
takes place, this option is not available to larvae of earlier instars 
TABLE 4.1 Climatic zones occupied by species of Sclerocyphon. 
Species Presence in climatic zones Characteristics of climatic zones occupied 
AA'r BA'w BB'r CA'w CB'r CB's Humidity Temperature Rainfall 
s. basi col lis X X X X wet, humid, sub- tropical, meso- abundant all 
humid thermal seasons, winter 
deficient 
s. minimus X X X X wet, humid, sub- tropical, meso- abundant all 
hUJI'Iid thermal seasons, winter 
deficient 
s. striatus X X X humid, sub-humid mesothermal abundant all 
seasons, winter 
deficient, summer 
deficient 
s. maculatus X X humid, sub-humid mesothermal abundant all 
seasons 
s. zwicki X X humid, sub-humid mesothermal abundant all 
seasons 
s. armstrongi X X sub-humid mE· so thermal abundant all 
seasons, summer 
deficient 
s. collar is X humid tropical winter deficient 
s. aquilonius X wet tropical abundant all 
seasons 
s. ni.tidus X sub-humid mesothermal abundant all 
seasons 
s. aquaticus X humid mesothermal abundant all 
seasons 
s. secret us humid mesothermal abundant all 
seasons 
s. lacustris X humid meso thermal abu."1.dant all 
seasons 
s. type A X wet tropical abundant all 
seasons 
s. type B X X humid, sub-humid tropical meso- abundant all 
thermal seasons, winter 
deficient 
s. type C X X X wet, humid, sub-
' 
meso- abundant all 
humid thermal seasons, winter 
deficient 
s. typeD X sub-humid mesothermal abundant all 
seasons 
s. type E X humid meso thermal abundant all 
seasons 
s. type F X X hllillid, sub-humid tropical, meso- abundant all 
thermal seasons, winter 
deficient 
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(since only last inst.ar larvae possess functional 
S. armstrongi is the only other known to occur in a 
summer-deficient rainfall zone. 'J:his species may have evolved in 
response to this particular type of climate as it appears to be vir-
tually restricted to this zone (Table 4.1). S. secre·tus lax:vae havo 
been collected from streams on the east coast of Tasmania which 
periods of little or no flow and elevated temperatures however these con~· 
ditions do not prevail for as long as they do in regions of the Australian 
mainland. 
Only a small number of species on the Australian mainland have been 
recorded from a single climatic zone: s, aguilon.ius and S type A (which 
are possibly synonymous), S. nitidus and s. typeD 
and S. serratus and S. type E (possibly synonymous) 
synonymous) 
S, aquilonius and s. 
type A are of particular ,in·terest as they appear to be restricted to the 
unique wet tropical of the district of northern 
Queensland. As noted previously (Chapter 3), on the basis of morphology 
S type A appears to be the most primitive larval form in Australia. These 
larvae may in fact be a relict population of a that existed in 
Australia when wet conditions were considerably more 
than t.hey are today, that is, during the early 'rertiary. 
'J.'his ancestral probably occurred much more widely und\3r such 
conditions and it is likely that climatic changes since the have 
caused its range to contract until it is now found only in the Atherton-
Cairns region. 
'rhe apparent absence of Sclerocy,p"hon from seemingly sui table c:limat.ic 
zones in the north of the Northern Territory and t.he sou·th·-west of Western 
Australia is still t.o be confirmed. 'rhe northern region of the Northern 
'I'erri.·tory has not. been sampled specificaLly for and futun? 
collecting there may reveal its presence. Some collecting has been 
carried out in the south.-west of Western Australia and the absence of 
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Sclerocyphon there ma.y be by two factors. 'l'he summer-
deficient rainfall appears to be harsher than that 
in trw south-east of Australia and therefore may be limiting to Sclero-
cyphon. The substrate of most streams sampled was granite and the 
soft, quickly-eroding surfaces appear to be unsuit.able for colonisation 
by Sclerocyphon larvae. As noted in the previous Sclerocyphon 
larvae are absent from the granitic substrates of streams and rivers in 
the north-eas·t of Tasmania. 
Habitat 
The most important factor the occurrence of Sclero~ 
cyphon within a suitable climatic zone appears to be the presence of 
suitable substrates. The habitat of psephenid larvae in the United 
s·tates has been described as clear streams of moderate ·to rapid flow 
with gravelly or rocky bottoms (Leech and ~l'he habitats 
of most Sclerocyphon in Aus·tralia appear to be similar al·though rocky 
rather than gravelly substrates are Field observations 
that the ideal substrate is in streams where rocks are 
neither too mobile nor so firmly cemented into 'the substrate matrix that 
larvae cannot move down into the rock-mud interface. 
As larvae remain adpressed to rock. surfaces throughout life it is 
reasonable to that ·the actual surface of the rocks will 
play some in determining the occurrence of larvae. In Tasmania 
the greatest number of larvae have been collected from dolerite substrates. 
Sc.Ierocyphon larvae are usually absent from st.reams in which 
nificant algal growth is present. 
running through agricultural 
The presence of such algal growth 
larvae for locomotion and grazing. 
Such growth often occurs in streams 
as a result, of nutrient enrichment. 
res·tricts the area available to 
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Larvae are :rarely found in streams where the 
has been removed or is naturally absent. Such streams include those 
running through cleared farming land and also high-altitude streams 
above ·the treeline, The removal, or lack, of re ... 
sults in considerable fluctuations in stream and probably 
much warmer streams overall. 'l'his vegetation is also a necessary feature 
of the adult habit.at. The presence of suitable is 
probably another factor contributing to the observed correlation of the 
as Keas·t distribution of Sc.lerocyphon with t:he Eastern 
no·tes that all of the rainforests and most of the fon·}sts of 
the Australian mainland occur between the Great Divide and the eas·tern 
coastLine. 
Zoogeographical Regions 
Australia has been divided into a number of 
on the basis of faunal and ecological characteristics. The most 
accepted provinces are those of Spencer (1896) who divided the continent. 
Mack.erras into the Bass ian, 'l'orresian and Eyrean faunal 
(1970) modified the original Bass.ian province, it in a northern 
tDngue along the higher parts of the Great Dividing Range, These faunal 
provinces, as modified by Mackerras (1970), are illustrated in 4,25. 
The following 
s. aquaticus, s. 
species and one larval type are Bass.ian; 
s. 1acustris 1 s. armst:rongi, s. striatus; 
s. maculatus, s. zwicki, S. serratus and~ type E, Three species and 
three larval types are tot. ally Torresian; S. lonius, s. collaris, 
s. nitidus, ~ type A, ~type B and & type D. S. basico.llis, S. min.imus, 
s. C and S, F occur in both the Bassian and Torresian 
The preponderance of in the Bass.ian suggests a 
Gondwanaland, origin of the genus. Alternatively, it may be 
argued that ·the Bassian region merely provides a number and 
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diversity of suitable habitats for at the time. 
The possible Gondwanaland origin of: the genus is discussed further in 
the following section. 
Some Comments on the Historical fl;iogeogra.phy of Sclerocyphon 
The 'l'asmanian of Scle.rocyphon 
Mad;:erras ( 1970) that in a 
must look for barriers that may have 
enough to permit the evolution of 
rier is .immediately obvious when 
Sclerocyphon; that Bass Strait. 
'rhe three species recorded from 
and S. lacustris, are endemic and no 
haVE? been recorded in Tasmania. This 
the Tasmanian and Australian mainland 
a researcher 
discrete 
isolation. One such bar-
the Tasmanian of 
S. aquaticus, s. secretus 
of the Australian mainland 
endemism 
have been 
considerable period of time, long enough for the 
that 
for a 
to 
evolve from an ances·tral common to both 
the phylogenetic classification in 3} • 
High levels of endemism are present in many of the groups of invert-
ebrates that have been thoroughly studied on both sides of Bass Strait. 
o:E in Zwick (1977a) noted the occurrence of six 
Tasmania, all of which appear to be endemic. 'I'he Blephariceridae resemble 
t.he Psephenidae closely in the ecological requirements of the larvae 
Endemism levels of 82-84% occur in the Tasmanian Plecoptera (Hynes and 
Hynes, 1980) and 74% in the 'I'richoptera (Neboiss; 1977) , 
(1980) suggest ·that the high level of endemism in the 
Hynes and Hynes 
can be 
explained by the inhospitable conditions in the Bass Strait 
when, as a result of lowered sea levels during the it was 
open. This explanation may well also account for the complete endemism 
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of 'rasmanian Sclerocyphon. 
F'riend (1980), working on Tasmanian terrestrial examined 
the levels of endemism in a number of well-studied groups, in particular 
terrestrial and inland aquatic invertebrates, and demonstrated that a 
fairly close inverse relationship exists between levels of endemism and 
' vagility. 
The main 
The vagility of Sclerocyphon appears to be 
low. phase of Sclerocyphon is the adult. However 
this phase is very much restricted as the bee·tles are short-
lived and for much of their a mode of behaviour. 
The beetles mostly remain hidden beneath the litter and debris at the 
of the stream; mating takes place then the females return to 
the water to their eggs. Although the beetles are of 
the duration of the phase, appears to be very short and do not 
form part of the aerial plankton. 
probably by " " and t.hus Bass Strait, 
either as it is today, or as the arid windswept it appears to have 
been during the Pleistocene (Hynes and Hynes, 1980) has 
impassable barrier to the genus. 
Sclerocyphon has not been recorded from Flinders Island or 
an 
Island but as intensive sampling has not been conducted on either island 
during the present study, it is not known if this absence is a real one, 
It has been suggested (Hynes and , 1980) that the Wilson's Promontory-
Flinders Island route would have been a poor one for stoneflies as these 
regions and the nearby north-·eastern 'rasmanian mainland are compos€~d of 
a granite which weathers quickly to a rough resulting 
in little formation of stony riffles. Similarly this route would also 
have been a difficult one for Sclerocyphon. As already stated, no 
larvae have been recorded from the substrates of the north-east., 
'rhis is probably due to both the lack of riffles and the soft. 
rocks that are present, providing a poor surface for larvae to to 
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or graze on. Whether the King Island a suitable 
bridge for Scl.erocyphon during the Pleistocene will not be known 
until 1:he presence or absence of genus on the island is verified. 
'rhe low vagility of Sclerocyphon, as discussed above, together 
with information from the phylogenetic classification of the genus 
(Chapter 3) indicating tha·t the Tasmanian are descendants o:E 
an ancestral species common to both •rasmanian and the Australian main-
land 
' 
t.hat. the presence of the genus in 'I'asmani.a may be best 
explained by vicariance. 'rhe first of Bass Strait the 
effect·~ Miocene probably fragmented the range of the ancestral 
ively isolating it's Tasmanian members. Bass Strait appears to have 
remained a barrier to even openings 
discussed above) and subsequent changes in the Tasmanian environment, 
in particular the dramatic climatic changes of the Pleistocene, influenced 
the speciation of the ancestx·al outlined in 3) re-
sulting in the presence of the three endemic in Tasmania today. 
The Australian Hainland of Scle.r:ocyphon 
It is p:mbable that the dist.ribution of was more 
widespread in Australia during the Tertiary, a when wet 
tropical conditions were more than they art-) 
Evidence of this is by t.he most primitive larval 
(Chapter 3) which, as noted in a preceding sec·tion, is presently restricted 
to the Atherton-Cairns district of northern Queensland, but is probably a 
relict populat.ion of a. species that was once more widespread. 
s. Z~t!icki and S. aquat .. icus, which on the basis of larval characters 
are also considered to be primitive (Chapter 3) r although mon~ advanced 
than S.type A, a.re presently restricted to permanent rivers and 
streams. 'rhis suggests tha·t ·they are descendan·ts of that evolved 
during the onset of cooler times in Australia, towards the end of the 
MiocEme. This also suggests that all ot.her which on the basis of 
larval characters are more advanced than the three discussed above, 
are descendants of species that could only have arisen since the late 
Tertiary. 
Mayr (1963) states that 
" ... geographic speciation is the almost exclusive 
mode of speciation among animals. " 
and it is likely that species of the s. maculatus and s. striatus 
species-groups (Chapter 3) have evolved in response to environmental 
changes that have occurred in Australia from the Pleistocene to the 
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Recent. Galloway and Kemp (1981) suggest that the vicissitudes of this 
period, the Quaternary, were extremely rapid in geological terms and 
imposed severe stresses on life forms. They also suggest that 
". , • the present distribution of plants and animals 
in Australia is a very recent - and temporary -
phenomenon." 
Although the phylogenetic classification of Sclerocyphon proposed 
in Chapter 3 provides a basis for the zoogeographical study of the genus 
this study is considerably hampered by the lack of data on the distribut-
ions of many of the Australian mainland species. 
obtained for any further conclusions to be drawn. 
The possible Gondwanaland Origin of Sclerocyphon 
More data must be 
As previously noted (Chapter 3) Sclerocyphon (or a very closely 
related genus) occurs in Chile, as well as Australia, but nowhere else 
in the world. This disjunct southern distribution in a genus with appar~ 
ently low vagility, as demonstrated in the previous discussion on the 
endemism of the Tasmanian species, seems to be best explained by the vic-
ariance model of historical biogeography. This suggests that the 
of Scle:rocyplwn would have been 
before the of the Aust,ralian 
in Gondwanaland 
55 m.y. ago. The 
rifting of Australia and later South America from the original 
Gondwanaland plate, as proposed by the theory of continental drift 
(or plate tectonics), fragmented ·the range of this ancestral 
and created the disjunction evident today. 
Hedley (1912 cited by Brundin,1966) proposes that 
between Australia and South America was only a one way process with 
of South American If this was 
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Australia being the 
so then it must be that the progenitor of arose 
in South America. No 
have been recorded from New Zealand 
Australia after New Zealand had 
any other 
from 
reached 
la~.auu, 80 m.y. ago. 
However, this apparent absence of the genus from New Zealand must still 
be verified. 
Darlington (1963) put forward an elaborate hypothesis of southern 
distributions based on radiation from the Old World tropics. However 
Raven and Axelrod (1972) that Ockham s Razor must rule ou·t this 
scheme 
Winterbourn(l980), in a review of the affinities and 
of the aquatic insect faunas of Australia and New Zealand notes that 
a number of freshwater insect groups appear to be derived from an old 
Gondwanaland fa:u.na. whose vicariance is a result of continental drift 
since the Cretaceous. These include the plecopteran families Eustheniidae~ 
Austroperlidae, Notonemouridae and Gripopter.ygidae 1965) al-
t.hough Zwick (1979) suggests different origins for the Eustheninae and 
Stenoperlinae, subfamilies of the Eustheniidae. The ephemeropter.an 
families, Leptophlebiidae (Edmunds, 1972) and Siphlonuridae (Edmunds, 
1972 and Penniket, 1961) and the families, Hydrobiosinae, 
Kokiriidae, Oeconesidae, Tasmiidae,. Helicophidae, Conoesucidae 
and Philor.heithridae (Ne.boiss, 1977) also possesses present-day dis-
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t.ributions which suggest Gondwanaland origins, In the Chironomidae, 
Brundin (1966) considered tha·t the dist:ribut.ion of the 
Pudonominae, Aphroteniinae and some Diamesin<:W were evidence of their 
sou·thern origin. 
Main (1981) notes that many beetle families are Mesozoic (prin~ 
,Jurassic) in origin and the most common older element affinities 
of Australian beetles are with South The taxonomy and relat~ 
ionships of Australian aquatic bee·tles (those with larval or adul:t 
aquatic stages) are known (Winterbourn, 1980) for two 
studies by Zwick (1977b) on 
(1978) on the Dytiscidae. Zwick (1977b) 
and Watts 
that the Australian 
species of l/ydraena a.re recent arrivals from the Orient. Watts (1978) 
found a high specific endemicity in the southern Bassian n£\gion~ and a 
low generic endemicity in the Torresian and Eyrean regions, in the Australian 
Dytiscidae. 
A number of freshwater insect groups also show northern affinities 
and Winterbourn (1980) suggests that these may more recent 
elements in the Australasian fauna. gubrianacina.e, Psephenoidinae 
and Eubriinae have all been recorded from (following se 
but no appear t:o have reached Australia from ·the north. The 
e ubr iine genera recorded from Indonesia (Bert.r and, 1972) appear t:o be 
only distantly related to Sclerocyphon. No have been 
recorded from New Guinea; however, an extensive sampling of this island 
is needed before t.his absence can be verified. 
'rhe reason as to why Sclerocyphon is the only gEmus of the Eubriinae 
in Australia while elsewhere, for example, in North America, a number of 
genera occur, is not yet known. It is that the progenitor 
of Sclerocyphon was the only psf.::phenid to reach Australia before it 
separ a. ted from Gondwanaland, , ot,her genera and other 
subfamilies may have been present but have sincH become extinct, result,~ 
ing in Scle.r.ocyphon now filling all stream niches that elsewhere in ·the 
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world may be divided between different genera and two or three sub-
ffunLlies. Unfortunately, unless a fossil hi of the 
ln 1\ust.:ralia is discovered this question may never be fully answered 
World-wide Distribution of the 
'fhe distributions of the Psepheninae Brown, 1976; Bertrand, 
1972; Murvosh,1971 and Champion, 1921) the Brownv 
197~6), the (after 1972) and the Eubriinae 
Brown, 1980; Bertrand, 1972; 
trated in Figures 4.26 - 4. 
subfaxnilies in the different 
1 1963 and 
respectively. 'rhe 
are illus-
of the four 
of the world 
et: al., 1976) is documented in 'l'able 4.~ and t.he presence of eubriine 
genera in these regions is given in •rable 4.3. 
Hinton (1966) 
family indicates a 
that the world-wide distribution of the 
origin and similarly the world-wide dis-· 
tribution of the Eubriinae suggests a of genera within 
this subfamily. Fossil records do not negate this suggestion as a 
fossil Eubrianax larva has been recorded from middle Eocene 
in France (Bertrand, 1963) while the fossil Psephenus lut:ulentus has been 
recorded from the Florissant (Oligocene) of Colorado, U.S.A. (Murvosh, 
1971) 
Apart from Hinton's (1966) work., no other theory as to 'the 
and distribution of the Psephenidae has been proposed, This is undoubt-
edly a consequence of the sparse information available on both the dis-
tribution and systematics of many The of 
basin~r zoogeographical studies on strictly phylogenetic classifications 
has already been emphasised (Section 4.1), and as the phylogeny of the 
Psephenidae is still under debate (Chapter 3) conclusions on ·the 
and directions of of the Psephenida(:! are difficult. to achieve. 
Brown (1976) has provided a fairly comprehensive documentat,ion of the 
FIGURE 4.26 World distribution of the Psepheninae (after Champion, 1921; Murvosh, 1971; Bertrand, 1972; and Brown, 1976) 
1, Psephenus; 2, Mataeopsephenus; 3, Tychespsephenus; 4, Psephenops. 
•' 
FIGDKE 4.27 World distribution of the Eubrianacinae comprising one genus, Eubrianax Bertrand, 1964; 1972; and 
Brown, 1976). Location of the fossil Eubrianax marked a star"' 
··-
FIGURE 4.28 World distribution of the Psephenoidinae (after Bertrand, 1972). 1 des; 2, 
FIGURE 4.29 World distribution of the Eubriinae (after , 1963i Bertrand, 1972; Browu, 1976, 1980; and present 
1, Ectopria; 2, Acneus; 3, Alabameubria; 4, Dicranoselaphus; 5, Afroeubria; 6, Eubria; 7, Sclera-
cyphon (darker ; 8 7 un-named Eubrinne genera~ 
TABLE 4.2 Distribution of the psephenid subfamilies in world 
zoogeographical regions. 
Psephenid Zoogeographical regions (after Cox et al.., 1976) 
subfamilies Nearctic Palearctic Oriental African Neotropical Australian 
Psepheninae X X X X 
Eubrianacinae X X X X 
Psephenoidinae X X X 
Eubriinae X X X X X X 
TABLE 4. 3 Distribution of the eubriine genera in world zoogeographical 
regions. 
Eubriine 
genera 
Zoogeographical regions (after Cox et al., 1976) 
Nearctic Palearctic Oriental African Neotropical Australian 
Ectopria X X X 
Acneus x 
Alabameubria x 
Dicranoselaphus X X 
Afroeubria X 
Eubria X X 
Sclerocyphon X 
* Eubriide genus X 
type 1 
* Eubriide genus X 
type 2 
** F.:ubriide genus 1 X 
*** Eubriide genus 2 X 
*** Eubriide genus X 
(Japan) 
* Bertrand (1956, 1972) 
** Bertrand (1961, 1972) 
*** Bertrand (1972) 
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thret" psephenid subfamilies in the Unit.ed St.ates and the 
study docum<mts the dist:r·ibution of the one genus in 
Australia but elsewhere in the world records of psephenid species are 
often restricted to only one site. 
As noted in the previous section~ Sc:le:cocyphon exhibits low 
and this appears to be a characteristic of the entire family. 
of the Psephenidae without land connections is therefore difficult to 
envisage and that a vicariance model may be the best 
of the current distribution of the family. It seems 
origin of the Psephenidae must be traced back to t:he time whert the two 
supercontinents, Gondwanaland and Laurasia, were united forming a 
land mass, Pangaea, in the Jurassic. 
Hinton (1966) states that on the basis of reduction in functional 
structures all 
Psepheninae (Chapter 3). 
subfamilies can be derived from the 
if the a.nd direction of 
dispersal of the Psepheninae, the most primitive subfamily" is dete:r:-mined, 
the centre of origin of ·the entire family will also be known. 
Unfortunately the and routes of the 
and its apparent sister group, the Eubrianacinaeo are not 
from an examination of present distribution patterns 
determined 
4,26 and 
1963) in France 4.27). The occurrence of the fossil Eubrianax 
indi.cat.es a more widespread distribution of this genus in the as no 
living representatives exist in France today, It is likely that the 
Psephenidae were more widespread in the when moister, warmer 
and more cons·tant climatic conditions existed over most of the world. 
Distribut.ions are likely to have become restricted since the onse·t of t.he 
Pleistocene with its dramatic climatic changes. 
Psepheninae and thus the entire family is a 
to be solved. 
The origin of the 
that still remains 
As a result of the present a hypothesis for the origin and 
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evolut,i.on of the gubriinae can be 
Sclerocyphon, with the of only two rather 
than three, may be considered the most primitive eubriine genus (Chapter 
3) and the disjunct southern distribution of Sc.Ierocyphon (or Sclerocyphon 
and its as yet un-named sister group ) in Australia and Chile may bf~ 
considered evidence of a Gondwanaland origin of the genus. From t.his 
informat.ion it can be 
implies a Gondwanaland 
that. a Gondwanaland origin of Sclerocyphon 
of the entire 
Within the Psephenidae only the Eubri:i.nae (Figure 4.29) 
world-wide distribution; the Psepheninae, Eubrianacinae and 
each being absent: from one or more 4' 2) • 
The speciation and radiation that has occurred the Eu.briinae 
(Table 4.~) may well be a consequence of the development of anal retract-
able gill tufts. The active ventilation of these gi.ll tufts has allowed 
larvae to colonise habitat.s with variable levels of dissolved oxygen pro-
duced by variable flow and temperature Such habitats are 
to h<.tve become widespread during the Pleistocene. 
The Psephenoidinae, the sister group of t.he Eubriinae, 
possesses a present-day distribution tha·t can also be traced back to a 
Gondwanaland origin. The members of this subfamily in Africa, India and 
Asia (Figure 4.28) have most probably evolved from a Gondwanaland progenitor 
present in Africa and India before the of these areas. 
into Asia probably occurred after India had drifted to its present pos-
it.ion, abutting the Asian landmass. 
As both the Eubriinae and the are considered (in 
this study) to be derived from ·the Psepheninae, the postulation of a 
Gondwanaland origin of these two groups also implies that the 
progenitor was present in Gondwanaland to the onset of 
The presen·t distribut:ion of the Psepheninae in South America and India 
(Figure 4,26) supports this suggestion. However, whether the progenitor 
of the Psepheninae first arose in Gondwanaland or reached Gond\'Janaland 
from Laurasia still remains to be determined. 
180 
CHAPTER FIVE 
DESCRIPTION AND ANALYSIS OF LARVAL SHAPE IN THE 
TASMANIAN PSEPHENIDAE 
182 
5 .l Introduc1:ion 
Examination of a number of larvae during the taxonomic study 
of Sclerocyphon 3) revea.led the presence of considerable variation 
in the shape of the dorsal shield. Differences were evident bot~h within 
species and between An earlier study (Davis, 1975) of larval 
in 
in Sc.lerocyphon secretus, a Tasmanian 
between populations at. low and 
r found differences 
altit.udes in t.he same st.ream, 
Sandy Bay Rivulet, which drains the eastern s of Mt. Wellington near 
Hobart. Initial observations in this study revealed that larval 
ions of S. secretus; t.he mos'c common in 'rasmania 1 often differed 
I:'ewer differences were evident be·-in between different str1~ams. 
tween populations of the other two 'l'asmanian species, S. aquaticus and 
S. lacustris. 
Tlte first task of the was to find a suitable means of 
describing the shape of larvae, Once this was achieved the is of 
differences in shape between populations would then be possible. The 
comparative assessment of in living is a complex problem 
and some of the methods that. have been used to characterize and compare 
biological forms are reviewed Oxnard (1978). In this study the 
measurement of lengt:hs and widths at variom.:; points across the larval 
shield was considered the most suitable means of larval 
shape. 'rhis was a consequence of thE) fact that the description 
of larval shape was es a two~dimensional rather than three·-
dimensional problem due to the extreme dorso-ventral fl 
larval shield. 
of the 
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'I'he use of multiple measurements to describe larval then 
dictated the use of multivariate sta.t:is tical techn to 
Such statit->ticat tc-1chniques in conjunction with 
the advent of computer technology are the basis of ·the fairly m;w field 
of multivariate morphometries. Oxnard (1978) takes care to point out 
that despite the large amount. of morphometric work now being done, t.he 
science of morphomet:eics is still too young and the new me·thods too 
little used to know what contribution morphometries makes to 
thought in and evolut.ion. He does however that 
" ... morphometric methods may well allow 
selections of anima.l forms to tell for themselves, 
as it were, something of their funct.ional adaptation." 
and it was largely in t.his 
was attempted. 
that the 
(Oxnard, p.234, 1978) 
is described below 
'rhe multivariate method used here was canonical variate analysis. 
This analysis provides a means of studying interrel between 
groups and, in , of the distances 
between groups, while the amount of variability within each group is also 
taken into account. Each group, in this s , comprised a population 
of larvae of ~ single at a s locality in a stream. 
The present study was limited to th<'! Tasmanian Sclerocyphon and 
aimed at obtaining answers ·to the following questions. 
1. what range of larval exists wit:.hin each of the three 
Tasmanian species; S. secretus, S. aquaticus and S. lacust:r:is? 
2. how does the shape of larvae vary be·t.ween the ·three and 
3. what influence may various environmental factors have on the 
expression of larval shield 
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Gxperiment.al as well as statistical techniques are required to obtain 
an answer to this last question. As st~atistical methods alone were 
used a complete answer: cannot be expected here. 
The mathematical procedur:·es involved in the construction of canonical 
variables and the processes of canonical variate analysis are descd_bed 
by Seal (1966) and Blackith and Reyment (1971). 
'rhe technique of analysis of variance is well established as a method 
for comparison of two or more groups to assess whether there an:! differ--
ences in average response for a single variable between the groups. 
Canonical variate analysis serves a similar func·tion when the comparison 
of groups is based on a set of variables rather than a single variable. 
'rhe need to use a set of variables commonly arises when the quantity on 
which the comparison is to be based .is not. directly measurable. In t.he 
present study "shape" .is such a quantity and measurements of length and 
width were used to describe larval "shape". 
Canonical va:dat:e analysis examines variables simultaneously, rather 
than separately, and takes into account in the process the interrelation-
ships between the variables. Canonical variate analysis involves the 
transformation of measured variables :into a new set of variables, the 
"canonical variables" which are simply linear combinations of ·the former. 
The canonical variables are formed such that the first canonical variable 
gives the maximum possible separation of groups, the second canonical 
variable gives the next greatest separation of groups and third and sub-
"equent variables are constructed similarly, The canonical variables 
are formed under the condition that there is no duplicat.ion of :information 
within each one wi·th respect; to the separation of the groups. 
A necessary condition for the use of canonical var:iate analysis .is 
that variables are normally distributed. In the present study this 
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comU tion was met by log variables. Logarithmic transformation 
of the variables ensux·ed that the distribution of vari.ables 
approximated normal distributions. 
If the first two canonical variables a high proportion of the 
observed variation it is possible t:o give a fairly undistorted repres-
entation of the relative positions of the groups in a two dimensional 
based on these first two canonical variables. It must be remem-
bered however, t.hat with such graphs the plotted are estimates of 
the mean positions of groups rather than true positions. 
It is also sometimes of value to examine t.he relationships between 
·~ 
the canonical variables and the measured variables. By examininq the 
standardized coefficients of the equations which relate the measured 
variables to the canonical variables (the vectors) it is possible 
to establish which measured variables are an important role in 
the formation of the canonical variables and so possibly give a 
t:o the canonical variables. 
'rhe "distance" between groups can be conceived as the extent of 
between groups or the likelihood of misclassification of a membe.r 
of one group into another. 'l'he distance bet~ween groups, based on this 
interpretation, is known as 1:he Mahalanobis distance. 
Mahalanobis distance (M-distance) or as it is also known, the generalized 
statistical distance, o2 , provides a numerical m(~asure of the dist:ance 
between two groups in the total variable space (in this study: three 
dimensions) while the canonical variate provides a visual measure 
of the distance between groups along t:he axes of maximum group ion 
et al., 1973). 
Blackith and Reyment (1971) describe the mathematical procedure 
involved in the of Mahalanobis distances. 'l'he 
of Mahalanobis distances permits assessment of t:he acceptabil of the 
is that two groups are indistinguishable on the basis of measured 
characteristics. 
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If the M-dist.a.nce between any two groups exceeds 
X 2 (P, 0. 01) 
where P == number of variables used in ·the analysis 
(P, 0. 01) tabulated chi-squared value for P 
of freedom and 0.01 
n = number of observations per group 
then a real distinction exists between the two groups. 
Mr. Glen McPherson, Mathematics of ~rasmania, 
was consulted on the use of canonical variate in this study 
and all analyses were on the Burroughs B6700 compute:t· at the 
University of Tasmania. 
Pilot Study 
Alt~hough the canoni<~al va:r·iate analysis to be the most. 
suitable multivariate statistical me1:hod for establishing the existence 
and extent of differences between groups on the basis of larval shape 
it was first necessary to carry out a preliminary canonical variate 
analysis on a small amount of data to establish that this was so. 
5.3 and Methods 
Groups Included in the Pilot Study 
As it was suspected t.hat environmental factors may play some 
in influencing the expression of larval it was desirable to include 
groups of larvae from the widest possible range of habitats, in 'rasmania, 
in the analysis. Such groups however had to be already present in the 
material collected for the taxonomic study (Chapter 3) . This ent.ire 
study was based on the taxonomic c:ollection rather ·than the collect:ion 
of new samples. Using these two criteria tel\. groups of s. secretus 
and five groups of S. aquat.icus, as listed .in Table 5.1, were chosen 
for Lnclusion in the preliminary canonical variate analysis. 
Number of Larvae per Group 
To facilitate comparison of groups the number in each had ·to be 
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cons·t:.ant. Fifteen larvae per group was the number arbitrarily decided 
upon for t.he preliminary analysis. 'l'his number was fairly low but it 
was chosen because it would enable a large number of groups from a wide 
range of localities to be included in the final analysis. A highe.r 
number, even, for example, 30 larvae per group, would have limited the 
final analysis to a very small number of groups. In some localities 
four or five man hours were needed t:o collect: even 15 larvae. 
'rhe results of the pilot study would provide some indication of 
whether 15 larvae per group could be considered statistically viable 
in this study. 
·rhe Size of Larvae in Each Group 
It was .initially hoped t:o conduct ·the analysis on last instar 
larvae only, so eliminating any varia·tions in shape that: may have been 
attributable to age. This was not possible, however, as many samples 
oJntained less than 15 larvae of the last instar, often as a result of 
the fac-t that larval collections had been made for taxonomic purposes 
and many of the last. instar larvae collect.ed were not preserved but; 
maintained alive in the laboratory for rearing to adulthood. Restrict-· 
ing the analysis ·to groups containing at least 15 last instar larvae 
would also have result:ed in the om ....... ission of a. number of localities pos-
sessing larvae of distinctly different shapes, in particular ·those of the 
south-west of Tasmania. Several of these localities were in extremely 
rugged country and had previously been reachod by helicopter, a facility 
that: was not availablE~ during the present study. One locality, Lake 
TABLE 5.1 The number and name of locality-groups of S. secretus 
and S. aquaticus included in the preliminary analysis 
of larval shape (pilot study). 
Species Locality Number 
1 
2 
3 
4 
S. secretus 5 
6 
7 
8 
9 
10 
* 11 ( 35) 
12(36) 
s. aquaticus l3 (37) 
14 (38) 
15(39) 
* 
Locality Name 
Lambert Creek 
Waterworks Creek 
Ben Lomond Creek 
Hogarth Creek 
Hop Pole Creek 
Trib. of Little 
Donaldson River 
Val Creek 
Township Creek 
Bird River 
Cataract Creek 
Sorell Creek 
Dip River 
Emu River 
West Swan River 
Horseshoe Bend River 
Numbers given in brackets indicate ·the numbers assigned to the 
same groups in the final analyses. 
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Fedder, no longer md.s·ts. 'rhe larvae had been collected in 1972 just 
prior to the flooding of that lake for power ion. 
As larvae of the last instar only are morphologically distinguish-
able from other instars it was not possible to restrict the analysis 
tc) larvae of a pa.rticular earlier instar. 'rhe only solution, if the 
analysis was to proceed, appeared to be to restrict the data set, for 
each locality, to last instar larvae plus the remaining la:r:·gest larvae 
(those with the greatest ·total length) needed t.o bring the sample up 
to 15. A minimum total length of 5.5 mm was set. As a 
consequence of this procedure some adjustment for size must be made 
for groups to be comparable. 
Measurements Used to Describe Larval Shape 
E'er the preliminary canonical variate analysis nine measurements 
were made on each of the 15 larvae in each of the 10 groups of S. secretus 
and five groups of S. cus ('r able 5. 1) included in the analysis. 
The nine measurements consisted of three length and five width measure-
ments on the dorsal shield as well as the maximum of the larva 
in longitudinal cross-section. 'rhe position of each measurement on 
the larval shield is illustrated in Figure 5.1. 
Collection and procedures used for the larvae in both 
the pilot and final st.ud.ies were as given in Chapter 3, Section 3. 2. 
All measurement.s of larva.e were madE:l with an Mc6-1 microscope using an 
8X eyepiece graticule. To ensure uniformity of measurement each larva 
was placed in a dish and just covered with 70% ethanol. Gentle 
pressure was applied to the dorsal surface with a pair of blunt forceps 
to ensure that the larva remained in position and was in contact with 
the bottom of the dish ·throughout the measuring period. To measure 
larval height the larva was placed, ventral surface down, on a 
slide and both larva and slide wex·e viewed in longitudinal cross-section 
beneath the microscope. 
F'IGUR!:~ 5.1 The nine measurements taken on each larva. TL "'' total 
of the larval shield; Ll lemgth of segment 11 
Ll2 = . of segment 12; Wl, W3, W6, W9 and W12 
widths of segments 1, 3, 6, 9, and 12, 
H = maximum height. All measurement.s were in rnilli··· 
metres. 
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Test.ing for Measurement .Error 
The number of measurements madE.l fo:r: the pilot alone tot:alled 
2,025. Inevitably some en:·ors in measurement must occur where such a 
large number of measurements have been made. 
for such errors by examining each variable 
'I'he data were checked 
and a 
completely random model using length as a covariate to 
for size differences. The residuals from this \vere pl<:)tt:ed 
on a probability Outliers in the plot were then considered to 
ment. 
odd values which might have arisen through incorrect measure~ 
Because larvae had been retained and were available for re-
measurement it was possible to compare 
animals with doubtful recordings, to the 
measurements made on 
measurements. The 
repeat measurements approxima·ted the estimated values, in all cases 1 and 
so were substituted for the values. 
Testing for Constant: Helationships Between Variables 
A meaningful appli<:ation of canonical varia·te is only pos-
bet~~reen 
Constancy of relationship 
sible if there is a consistent of 
variables over the groups being compared. 
}JE;twc-;en variables can be ascertained by 
obtained in the canonical variat.e 
the correlation matrices 
The patterns of correlations 
between variables must be the same fox: all groups. The correlation mat-
rices obtained for the 15 groups of the pilot study were examined with 
this in mind. 
Adjustment of Data for Size 
As noted above it was not possible, in this study, to consider 
larvae of only one age class. Consequently there was some unav()idable 
variation between larvae on the basis of size and it was necessary to 
make an adjustmen·t for size before groups could be compared for iifferences 
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in shape, 'rhe way in which measurements were adjusted for size 1 
however, may cons influence the final result of the canonical 
variate analysis and, therefore, t:he comparison of groups. For this 
reason, two separate canonical variate analyses were performed on the 
pilot data, each using a different method of adjustment for size, and 
t:he resultswere compared. 
The methods employed were: 
1. covariance analysis of width measurements using to·tal 
as the covariate. The adjusted width measurements were 
regarded as shape variables; 
2. adjustment of width measurements by each width 
measurement by to·t.al length. 
The first method was chosen because it assumes a linear relation~ 
ship; that is, an additive relationship between length and size. The 
second method assumes a mult.iplicative in which size is 
assmned to g-row proportionately with length. 
5.4 Results 
1'he correlat.:i.on matrices obtained from the canonical variate 
analysis performed on the pilot dat.a are given in •rable 5.2. The 
eigen values, percentage variance explained, eigen vectors and canonical 
variate means for the canonical variate analysis performed on the co-
variance-adjusted pilot data and the total length--adjusted pilot dat.a. 1 
using six variables explanation below) are given in 'l'ables 5. 3 and 
5.4 respectively. 
Smnmaries of the important features of the tables of Mahalanobis 
distances obtained for these two are given in Tables 5.5 and 
5.6 respectively. The tables of Mahalanobis distances are g.i ven in 
Appendix B (Tables B-1 and B-2 respec·tively) , Graphs showing the first 
~~ Correlation matrl.ces for each of the ten groups <>f S. secretus and five grDUtJs of s. aquaticus 
in the pilot study. 
1. S. secretus, Lambert Creek 
1.00 
0,84 
0.94 
0.95 
0.92 
0.94 
0.90 
0.75 
:,0;. 3.£> 
1.00 
0.74 
0.82 
0.80 
0.81 
o. 73 
0.77 
- -.0!3~ 
1.00 
0.90 
0.87 
0.89 
0.89 
o. 72 
-sH.9• 
2. s. secretus 1 Waterworks Creek 
1.00 
o. 75 
0.82 
0.86 
0.86 
0.08 
0.90 
0.85 
0.86 
1.00 
Q,Ji;} 
.Q • .Jif!. 
2d~ 
0.61 
Q,.S,? 
1/..:>.i! 
\h.4J 
1.00 
0.92 
0,85 
0.87 
0.92 
0.90 
0.75 
3. s. secretus, Ben Lomond Creek 
1.00 
0.75 
0.83 
0.91 
0.84 
0.65 
0.89 
0.82 
Q,_4,!l 
1.00 
2.·~ . .0 
2~1 
lhl? 
Q,_S~ 
2·1~ 
!h~ 
Jh.11 
4. S. secretus, Hogarth Creek 
1.00 
0,70 
2.':...5_5 
0.94 
0.92 
0.92 
0.95 
0.83 
0. 77 
1.00 
.2.:12 
0,83 
Q • .]Q 
f2.J! 
0.75 
9.·Jj 
!) .. 3] 
1.00 
2:1:! 
2~.BE 
Q.._5j 
fh.8.2 
2·1! 
<!.·~~ 
1.00 
0.61 
Q-...57 
Q. •• 5] 
0.62 
g._3£. 
~~-~ 
1.00 
0.99 
0.99 
0.93 
0.80 
_-0 •• 35_ 
1.00 
0.94 
0.97 
0.96 
0,85 
0.86 
1.00 
0.93 
0.70 
0.93 
0.81 
2.·.14 
1.00 
0.98 
0.98 
0.97 
0.84 
2:~ 
1.00 
0.99 
0.94 
0.83 
--q_. :J.S 
1.00 
0.95 
0.94 
0,84 
0,87 
1.00 
0.69 
0.93 
0.74 
Q·3? 
1.00 
0.99 
0.98 
0.04 
2 ~'i! 
1.00 
0.95 
0.81 
-!H.L 
1.00 
0.97 
0.82 
0.88 
1.00 
0.70 
0. 71 
!:!·21 
1.00 
0.98 
0.82 
Q._52 
1.00 
0. 77 
-_0,_4l 
1.00 
0.90 
0.88 
1.00 
0.78 
0.50 
1.00 
0.80 
Q c li? 
1.00 
0.130 
1.00 
0.57 
1.00 
<L·?~ 
1.00 
1.00 
1.00 
1.00 
~:1. (continued) 
5. s. sec:retus, !lop Pole creek 
vl v2 v3 v4 v5 v6 v7 VB v9 
·v1 1.00 
v2 0.81 1.00 
v3 0.84 0.78 1.00 
v4 0.95 0.81 0.88 1.00 
vs 0.94 0.76 0.89 0.98 1.00 
v6 0.95 0.76 0.86 0.90 0.98 1.00 
v7 0.96 0.83 0.86 0.98 0,97 0.98 l.OO 
VB 0.93 0.80 0.83 0.97 0.95 0.95 0.97 1.00 
v9 0.94 0.74 0.83 0.93 0.91 0.93 0.93 0.92 1.00 
6. s. secretus, Tributary of Little Donaldson River 
v1 v2 v3 v4 vs v6 v7 VB v9 
v1 1.00 
v2 0.91 1.00 
v3 0.95 0.88 1.00 
v4 0.89 0.95 0,90 1.00 
vs 0.89 0.93 0.91 0.98 1.00 
v6 0.92 0,93 0.93 0.98 0.98 1.00 
v7 0.95 0.95 0.94 0.98 0.97 0.99 1.00 
VB 0.95 0.90 0.90 0.92 0.92 0.96 0.96 1.00 
v9 0.86 0.88 0.81 0.85 0.84 0,85 0.86 0.85 1.00 
7. s. searetus, Valley Creek 
vl v2 v3 v4 vs v6 v7 VB v9 
vl 1.00 
v2 0.81 1.00 
v3 0.91 0.72 1.00 
v4 0.87 0.81 0.89 1.00 
vs 0.88 0.82 o.a7 0.98 1.00 
v6 0.90 0.82 0.89 0.97 0.99 l.OO 
v7 0.94 0.87 0.93 0,96 0.95 0.96 1.00 
VB 0.93 0.86 0.92 0.92 0.91 0.93 0.96 l.OO 
v9 0.92 0.73 0.84 0.81 0.79 0.85 0.87 0.84 1.00 
8. s. secretus, Township Creek 
vl v2 v3 v4 vs . v6 v7 VB v9 
vl 1.00 
vz 0.131 1.00 
v3 0.86 0,79 1.00 
v4 o. 74 0.78 0,79 1.00 
vs 0.81 0.88 0.85 0.88 1.00 
v6 0.76 0.84 0.82 0.87 0.98 1.00 
v7 0.78 0.83 0.79 0.87 0,96 0.96 1.00 
VB 0.28 Q..JJ. Q,.4J 2...113 .Q..,i7 Q..i8 0..~0 1.00 
v9 2~1?.9 2~.?...7 !!·-~ !.l.-.i? <l·.?.!l £,~3 9.~~5 !!.~ 1,00 
~_d (continued) 
9, s. secretus, Bird River 
vl v2 v3 v4 v5 v6 v7 va vg 
--~-----·--~--
vl 1.00 
vz 0.81 1.00 
v3 0.87 0,88 1.00 
v4 0.90 0.80 0.86 1,00 
vs 0.91 o. 72 0.81 0.95 1.00 
v6 0.96 0,83 0.89 0.97 0.96 1.00 
v7 0.96 0.81 0.89 0.96 0.95 0.99 1.00 
VB 0.84 0.66 0.80 0.89 0.88 0.91 0.91 1.00 
Vg o. 72 0.45 0,58 0.67 0.66 0.74 0,78 0.80 LOO 
10. s. secretus, Cataract Creek 
vl v2 v3 v4 vs v6 v7 VB v9 
vl 1.00 
v2 0.84 1.00 
v3 0.94 o. 74 1.00 
v4 0.95 0.82 0.90 1.00 
vs 0.92 0.80 0.87 0.99 l.OO 
v6 0,94 O.Bl 0.89 0.99 0.99 1.00 
v7 0.90 0.73 0,89 0.93 0.94 0.95 1.00 
vs 0.75 o. 77 0.72 0.80 0.83 0,81 o. 77 1.00 
v9 0,85 0.58 0.79 O.!ll 0.78 0,83 0.85 0.58 1.00 
11. S, aquat.icus, Sorell Creek 
vl v2 v3 v4 v5 v6 v7 v8 v9 
v1 1,00 
v2 0.96 1.00 
v3 0 .. 94 0.90 1.00 
v4 0.95 0,95 0,90 1.00 
v5 0.95 0.96 0.90 0.99 1.00 
v6 0.95 0.95 0.90 0,99 0,99 1.00 
v7 0.96 0.96 0.92 0.99 0.99 0.99 1.00 
v8 0.96 0.92 0.95 0.93 0.93 0,93 0.94 1.00 
v9 0.91 0.85 0.92 0.85 0,85 0.86 0.08 0.91 1.00 
12. S. aquat1cus, Dip River 
v1 v2 v3 v4 vs v6 v7 VB v9 
vl 1.00 
v2 0.95 1.00 
v3 0,38 2:.!! 1.00 
v4 0.96 0.96 Q • .!_l 1.00 
v5 0.97 0.96 Q..;lJ 0.99 1.00 
v6 0,98 0.96 .!H.7 0.99 0,99 1.00 
v7 0.98 0.96 0,36 Oe98 0.99 0.99 1.00 
VB 0.98 0.95 .\l..JI!. 0.96 0.97 0.98 0.97 1.00 
v9 0.94 0.91 Q.j~ 0.90 0.91 0.93 0.92 0.93 1.00 
TABLE 5. 2 (qontinuad) 
13. s. aquaticus, Emu River 
vl v2 v3 v4 vs v6 v7 VB v9 
vl 1.00 
v2 o.ea 1.00 
v3 0.55 0.60 1.00 
v4 0.92 o.aa 2.d,6 1.00 
vs 0.91 o.ae 2:..~1 0.99 1.00 
v6 0.85 0.84 2d.? 0.96 0.94 1.00 
v7 0.93 0.91 !1-.?l 0.96 0.95 0.95 1.00 
ve 0,89 0.87 £.....?..!! 0.95 0.95 0.91 0.96 1.00 
v9 0.78 0.72 0.35 0.67 0.87 0.80 0.85 0.90 1.00 
14. s. aquatic:us, West swan River 
vl v2 v3 v4 vs v6 v7 VB v9 
-·-·------·-·--
vl 1.00 
v2 0.83 1.00 
v3 0.85 2·.§.2 LOO 
v4 0.86 0.86 1.00 
vs 0.88 2.·22. 0.90 0.97 1.00 
v6 0.93 2·1~ 0.90 0.96 0.97 1.00 
v7 0.90 IHI! 0,85 0.97 0,95 0.97 1.00 
VB 0.90 <l:I'! 0,92 0.96 0.98 0.98 0.97 1.00 
v9 0.94 2.:7.~ 0.80 0.83 0.82 0.90 0.89 0.86 1.00 
15. s. aquaticus, Horseshoe Bend Creek 
vl v2 v3 v4 vs v6 v7 VB vg 
---~---------------------
vl 1.00 
v2 0.95 1.00 
v3 0.97 ·o.92 1.00 
v4 0.99 0.96 0.96 1.00 
vs 0.98 0.96 0.96 0.99 1.00 
v6 0.99 0.96 0.96 0.99 0.99 1.00 
v7 0.99 0.96 0,97. 0.99 0.99 0.99 1.00 
v8 0.98 0.94 0.97 0,97 0.97 0.97 0.98 l.OO 
v9 0.95 0.87 0.92 0.93 0.93 0.93 0.94 0.95 ], .oo 
--·~~--·---·----~~----~----~ 
TABLE 5.3 Results of canonical variates analysis performed 
on the covariance-adjusted data of the pilot study. 
Canonical Variables 
Eigen Values 
Percentage Variance 
Explained 
Eigen Vectors 
Canonical Variate 
Means *1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
* 
1 
2. 72 
43.57 
-7.99 
-10.28 
-10.86 
-ll. 73 
-8.13 
0.49 
2.43 
1.43 
2.91 
-0.21 
1.97 
l. 09 
-1.27 
-0.29 
0.11 
-2.54 
-1.50 
-0.89 
-1.91 
-1.26 
-0.04 
2 3 
2.42 0.53 
38.72 8.58 
25.19 98.55 
26.30 100.02 
22.32 99.22 
25.76 98.06 
13.36 97.82 
17.64 103.40 
-1.15 -1.38 
0.30 0.14 
1.34 1.16 
0.26 -0.26 
-1.77 1.15 
2.79 -0.23 
2. 72 -0.37 
0.14 -0.59 
0.21 -0.38 
1.48 0.11 
~-1.13 0.36 
-0.44 0.15 
-0.79 1.10 
-1.95 -0.11 
-2.02 -0.84 
locality groups: 1-10, S. secretus; 11-15, S. aquaticus. 
TABLE 5.4 Results of canonical variates analysis performed on 
the total length-adjusted data of the pilot study. 
Canonical Variables 1 2 3 
Eigen Values 2.59 2.46 0.31 
Percentage Variance 45.39 43.22 5.53 Explained 
Eigen Vectors 
vl -27.32 236.04 -289.10 
v2 -76.65 258.93 -39.57 
v3 -82.57 157.13 -322.09 
v4 -141.51 214.56 -414.02 
v5 52.90 -60.97 -301.35 
v6 176.74 -37.58 34.73 
Canonical Variate 
Means *1 3.94 -o. n 0.84 
2 0.93 0.81 -0.57 
3 1.64 1.96 -0.04 
4 -0.13 0.22 -0.42 
5 1.46 -0.87 -0.05 
6 0.36 2.98 -0.56 
7 -1.64 2.21 -0.01 
8 -0.16 0.09 -0.29 
9 0.09 0.27 0.94 
10 -2.49 0.74 1.01 
11 -1.17 -1.42 0.45 
12 -0.86 -0.69 -0.23 
13 -1.58 -0.98 0.02 
14 -0.95 -2.20 -0.58 
15 0.57 -2.42 -0.48 
* locality groups: 1-10, s. secret us,· 11-15, s. aquaticus. 
TABLE 5.5 Sun~ary of the important features of the table of 
Mahalanobis distances (Table B-1) obtained for the 
canonical variate analysis on the covariance-adjuste 
data set of the pilot study. 
Groups which are not significantly different in larval shape 
(Pairs of groups with M-distance <1.5) 
41 8; 41 12; 
8, 9; 8, 12; 
11, 12 
Groups which differ, significantly, from all others on the 
basis of larval shape 
1, 2 1 3 1 51 6 1 7 1 101 13 1 14 1 15 
TABLE 5.6 Su~ary of the important features of the table of 
Mahalanobis distances (Table B-2) obtained for the 
canonical variate analysis on the total-length-
adjusted data of the pilot study. 
Groups which are not significantly different in larval shape 
(Pairs of groups with M-distance <1.4) 
2, 8 
41 8 
8, 9; 
11, 12 
12, 13 
8, 12 
Groups which differ significantly from all others on the 
basis of larval shape 
1, 3, 5, 6, 7, 10, 14, 15 
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canonical variate plotted against the second, for both analyses, are 
given in Figures 5.2 and 5.3 ly. 
Examination of the correlation matrices obtained for the canonical 
variatE! analysis performed on the pilot data using nine variables 
('rable 5. 2) revealed that three of the variables did not display a 
consistent pattern of relationships over groups compared. These 
were; variable 2, the length of the first segment ) , variable 3, ·the 
longt;h of segment 12 (L12) , and variable 9, height (H). Inconsistent 
correla1:ions are undE~rlined in Table 5.2. These three variables were 
discarded from subsequent. leaving only the following six; total 
length (TL) , width of segment I (WI) , width of segment 3 (W3) , width 
of segment 6 (W6) , width of segment 9 (W9) and width of segment 12 (W12). 
The high correlations in each of these latter six variables, over all 
groups, revealed that the between in each group, 
as determined by the measured variables, were extremely uniform. Such 
uniformity indicated that 15 larvae per group was a reasonable number of 
larvae to work with given the difficulties involved in larger 
groups (Section 5. 3) • 
Examination of Tables 5.3~5.6 and 5.2 and 5.3 reveals only 
small differences the distances between of groups in the canon·· 
ical variate performed on the covariance adjusted data and that 
performed on the total length adjusted data. This suggests that the 
results of the study were not likely to be dependent on the method of 
adjustment for size. 
'I'he subsequent final canonical variate analyses were based on a 
refinement of t.he second multiplicative method since this was cornputat~ 
ionalJy simpler. Size was .related to area and defined according to t;he 
formula, 
w"""3 5.2 .... 
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S.secret!J§ 
S.C!QUaticus o 
3 
FIRST CANONICAl VARIATE 
1 
5 
FIRST CANONICAL VARIATE 
Canonical variate analysis on the pilot study data 
comprising ten g:r·oups of s. secretus (1-10) and five 
groups of s. aquaticus (11-15) using: (5.2) covariance-
adjusted data; (5.3) total length-adjusted data. The 
five groups of s. aquaticus are enclosed within the 
· dotted line. 
l 
Size - log[TL X 5 (W1+ W 
Shape was then defined as the s~"lt of five variables formed by trans-
forming each width measurem<'mt according to the formula, 
shape w "" log (--. -) 
s~ze 
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Comparison of Figures 5.2 and 5.3 with the graphs obtained for the 
final canonical variate analyses (Section 5,7, Figures 5.B and 5.10) 
revealed few differences in the distances between groups under all three 
methods of size adjustment. The were, in fact, extremely robust 
under all three transformations for size. The formula size t.o 
area was used in the final study as it did not associate size with only 
one dimension (total length) but rather with ax·ea and therefore probably 
the most valid means of for size. 
Final Study 
5.6 Materials and Methods 
comprising six measurements per larvae for 1.5 larvae in each of 41 loc-
ality groups. These groups consisted of 34 srroups of s. secret us, 
six groups of s. aquaticus and one of S. lacustris. '!'he localities 
are listed in Table 5. 7 and marked on the map of Tasmania in Figure 5. 4. 
'.rhe ten groups of S. secret us and five groups of S. aquaticus in the 
pilot. study were included within the 41 groups of the final study. 
'I'he choice of gn)ups, the size of larvae within each group, the 
method of measurement and the method of adjustment for size in this 
final study were all as described and discussed in the pilot study. 
The two wen; based on a set of six variables and five 
variables respectively. The set of six variables comprised one size 
TABLE 5. 7 
Species 
The number, name and map reference of locality-groups 
of S. secretus (34), S. aquaticus (6) and S. lacustr.is 
(1) included in the final analysis. Map references 
are for the Tasmaps 1:100 000 series, Lands Department, 
Hobart, and comprise the four figure sheet number plus 
a six figure grid reference. 
Number 
1 
2 
3 
4 
5 
Locality 
Lambert Creek 
Waterworks Creek 
Ben Lomond Creek 
Hogarth Creek 
Hop Pole Creek 
6 Trib. of the Little 
Donaldson River 
7 
8 
9 
Valley Creek 
Township Creek 
Bird River 
Cataract Creek 
Map Reference 
8312 
8312 
8414 
7916 
8514 
269490 
230490 
539045 
716634 
838661 
S. secretus 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Parsons Creek 
7915 
8013 
8013 
8012 
8012 
8411 
8412 
8312 
8312 
8013 
8013 
8013 
8013 
84;1.1 
546217 
932385 
859231 
838111 
926859 
609271 
484699 
207475 
207475 
874281 
874281 
782444 
782444 
609271 
Pawleena Creek 
Browns River 
Browns River 
Baxter River 
Baxter River 
Pearl Creek 
Pearl Creek 
Parsons Creek 
20 Runnel in the Olga 
R. catchment 8012 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Myrtle Forest Creek 8312 
Newtown Rivulet 8312 
Creek in gully west 
of cox's 8012 
Creek near Gordon Dam 8112 
Tyndall Ranges Creek 8014 
Hannant Inlet Creek 8011 
Mt. Barrow Creek 8315 
Dee River 8213 
Meredith River 8513 
Lake Pedder 8112 
989692 
128545 
189519 
022698 
186643 
815578 
187997 
361211 
681180 
869362 
338435 
TABLE 5.7 (continued) 
Species Number Locality Map Reference 
S. secretus 31 Un-named creek on right 
bank of Gordon River 8012 998734 
32 Un-named creek on right 
bank of Gordon River 8012 998734 
33 Hytten Hall Creek 8312 265491 
34 Myrtle Forest Creek 8312 128545 
35 Sorell Creek 8312 129609 
36 Black River 7916 592666 
37 Emu River 8015 989304 
S. aquaticus 38 West Swan River 8414 791605 
39 Horseshoe Bend Creek 8513 850261 
40 Liffey River 8214 842854 
s. lacustris 41 Lake Sorell 8313 148338 
o so 1ookm 
~L,-·------~~~------~~ 
FIGURE 5.4 Map of Tasmania showing the locations of the 41 groups 
of the total data set comprising 34 groups of £. secretus 
(1-34), six groups of S. aquaticus (35-40) and one group 
of s. lacustris (41). The name and map reference of each 
group is given in Table 5. 7. Where two groups were col-
lected from the same locality (five instances} only the 
lower number of the two is marked on the map. 
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variable, v1 , where; 
V ].og['l''L X 1 (w· W W W W ) ] 1 . ~ 1+ 3+ 6+ 9+ 12 . 
and five shape variables v2 - v6 where; 
wl w3 w wg 
log log log 6 .log v2 v v4 -
' 
vs vl 3 vl vl vl 
w. 
log 12 v6 v 1 
The reasons for choosing these transformations are given in Sect:ion 5. 5. 
'l'he set of five variables comprised ·the five shape variables V - v6 2 
as defined above. 
The ·two analyses were performed ·to allow comparative studies of 
distances between groups based on the use of different data sets. By 
comparing the results obtained using six variables with ·those obtained 
using five it was possible to assess whether size differences between 
different localities were significant in distinguishing any groups. 
Canonical Variate Analysis on the Single Species, S. secretus (34 groups) 
Two canonical variate analyses based on the sets of six variables 
and five variables respectively (described above) were also performed 
on a data set. comprising the set of 34 groups of S. secret us only, 'I'his 
was done to determine whether the same pattern of differences between 
localities was maintained for the single species, s. secretus , (which 
comprised the largest number of groups in the analyses) when the groups 
for t:he other two species, s. aquaticus and S. lacustris, we:r:e removed. 
Testinq for Sampling Error Using •rwo Groups from the Same Locality 
The procedures of st:atistical inference employed in analysis of 
the data assumed that the larvae within each group were randomly seL~ 
ected. In this study, however, it. was often neither possible nor prac-
tical to attempt. to define a random sampling procedure. Hence there 
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was son(~ e,.'Oncern tha.t differences between groups might in fact. be 
attributable sampling procedures rathe:t" than population diffenmces. 
F'or this reason two groups of 15 animals were taken from each of five 
di.ffenmt localities and included in the analysis. An examination of 
M-"distances between oach pair of groups would then provide an indication 
of whet.her groups within the same locality were with 
regard ·to 
The five localities from which duplicate groups were taken were; 
Parson's Bay Creek (11,19), Browns River (13,14), Baxter Rivulet (15r16), 
Pearl Cl':eek (17 ,18) and an un~named creek on the righ·t bank of the Gordon 
River, above the Olga River junction (31,32). 'l'he numbers of the groups 
are given in brackets. All groups contained S. secretus larvae. 
•resting for Measurement Error Using the Same Group of Larvae 
Measured Twice 
Because larvae Wf~re labelled and stored after measurement it v~as 
possible to remeasure animals at a later date. 'rhis offered a means 
of assessing the extent of measurement error. The same set of larvae 
of S. secretus from one locality, Myrtle Forest Creek, were measured on 
two different occasions and included within the canonical variate analyses 
as distinct groups, 21 and 34. By the use of the test based on M~distances 
i·t was possible to determine whether the groups were sufficiently close 
to be regarded as coming from the same population. 
'resting for DiBtinct Subgroups Within Each Group 
From the resul·ts of the pilot (examination of the correlation 
matrices) it was assl.lllled that the va.riability within each group was fairly 
uniform over all groups included in the analysis. An attempt was made 
to further test: the validity of this assumption by the use of two stat-
istical 
Firstly, a cluster analysis was performed on the set of larval 
measurements within each group. Cluster is a technique by 
which individuals o.r groups are brought together, by virtue of common 
properties, into a cluster which is then considered to differ from all 
other similarly developed clusters. However, such clusters can be 
further grouped, on the basis of common 
single, ultimate group is formed. 
, until finally a 
Rao (1952) noted that t:here is no clear definition of a cluster. 
A large number of clustering methods are now available but, as noted 
by Blackith and Reyment (1971} , different clustering methods may well 
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result in different 
set. 
cal distributions of the Si:!Ine original data 
The clustering method used here was Ward's method which is a useful 
intermediate method between furthest neighbour and nearest 
methods. While the analysis of each locality is of little value in 
isolation by comparing the levels at which clusters form in different 
localities it is possible to detect a in which the final grouping 
fonns at a substantially different level from the norm. 
The second process involved the use of univariate analysis of 
variance to obtain the variance for each variable from the set of 15 
measurements within each group. The function of variance calculations 
is to detect distinct groupings within a locality by an inflated variance 
which is likely to have resul·ted from the existence of distinct and 
wel groups. 
Correlations Between Canonical Variables and Environmental Variables 
Having determined the relative position of groups with respect to 
shape, using canonical variate analysis, an attempt was made to explain 
the pattern by reference to environmental factors. Eleven envirorunental 
factors were chosen for study primarily on the basis of whether data for 
each factor was available for each of the 41 groups included in the can-
onical variate analysis. As ten of these factors were represent:ed by 
continuous variables it was possible to calculate correlation co-
efficients (r) for these variables and the set of means on each can-
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onical variate axis for ·the total data set of 41 localities. For the 
discontinuous variable, substrate, two way contingency tests were carried 
out to determine whe·ther a significant relationship existed between ·the 
variable and the t.hree canonical variates. 
The canonical variate means used were those listed in '!'able 5 .11. 
The eleven environmental variables are described below and the value 
of each variable, in each locality, is listed in Table 5.8. 
Stream Order, Number of Tributaries and Stream Length 
Stream order was calculated using Strahler's (1957) modification 
of Horton's (1945) system of drainage analysis. Stream order may bf" 
defined as a measure of the position of a stream in a hierarchy of trib~ 
utar:i.es (Leopold et al , 1964) • First order streams are those which 
have no tributaries, second order streams are those which have only 
first order streams as tributaries and third order streams receive both 
first and second order streams as tributaries (Leopold et al., 1964). 
Streams of higher orders are similarly defined. Horton (1945) consid(~red 
that each higher order stream extended to the tip of the longest trib-· 
utary it drained. Strahler (1957) simplified Horton's approach t:o 
stream order by restricting the designation of order to stream segments, 
'!'his overcame ·the difficulty of renumbering a tributary when high order 
streams were recognised. Although the number of tributaries of a stream 
and its length are related to stream order by simple geometric relation~ 
ships (Horton, 1945) they were included within the analysis as they may 
contribute extra information to that provided by stream order alone. 
Values for the three variables were calculated using the exact 
position of each locality on maps of the 1:100 000 Tas maps series, 
published by the Lands Department, Hobart. 
TABLE 5.8 Values of selected environmental variables for each group in the total data set (41 groups). 
Groups 
Locality Number and :Name 
l L~~ert Creek 
2 waterworks Creek 
3 Ben LOmond creek 
4 HOgarth Creek 
5 Hop Pole Creek 
6 Trib~ of Little 
Donaldson River 
7 Valley Creek 
. 8 Township Creek 
9 Bird River 
10 Cataract Creek 
ll Parsons Bay Creek 
12 Pawleena Creek 
13 Browns River 
14 Browns River 
15 Baxter Rivulet 
16 Baxter Rivulet 
17 Pearl Creek 
18 Pearl Creek 
19 Parsons Bay Creek 
20 Runnel in the Olga 
Catchment 
21 Myrtle Forest Creek 
22 New~own Rivulet 
23 un-named creek in gully 
west of Cox's Ridge 
24 Creek near Gordon Dam 
Stream 
Order 
1 
1 
2 
l 
1 
2 
3 
3 
1 
1 
1 
1 
1 
1 
1 
3 
l 
1 
l 
Number Stream 
of Trih- Length 
utaries (km) 
0 
0 
0 
0 
0 
0 
6 
ll 
10 
15 
5 
0 
0 
0 
0 
0 
0 
15 
0 
0 
0 
0 
0 
E3 
2.b 
0.4 
0.2 
2.2 
1.8 
1.6 
1.4 
2.2 
9.6 
7.6 
10.2 
3.9 
0.8 
0.8 
1.4 
1.4 
2.2 
2.2 
10.2 
0.4 
1.4 
0.4 
0.4 
Altitude 
{m) 
1,180 
80 
290 
480 
360 
190 
140 
lOO 
90 
400 
400 
190 
190 
120 
120 
2 
140 
620 
800 
180 
340 
Environmental Variables 
Rainfall 
Mear1 per 
Annu..TO. 
{mm) 
626 
1,235 
1,344 
1,164 
565 
2,011 
2,443 
2,443 
1,973 
2,600 
811 
599 
1,235 
1,235 
2,443 
2,443 
2,416 
2,416 
811 
3,400 
1,200 
1,200 
2,600 
2,570 
Rainfall 
Variability 
0.23 
0.20 
0.25 
0.25 
0.16 
0 .. 13 
0.13 
0.13 
0.13 
0.23 
0.23 
0.2 
0.2 
0.13 
0 .. 13 
0.13 
0.13 
0.13 
0.20 
0.20 
0.13 
0.13 
* 
------------------------------------------Substrate 
Janua-~ July 
Mean Max. Mean Min~ Mean Max.. Me'an Min~ 
22 
22 
21 
21 
19 
22 
19 
19 
19 
B 
19 
20 
23 
23 
19 
19 
19 
19 
19 
19 
22 
21 
19 
19 
E8 
16.4 
15 
9.7 
16.4 
13 
13 
15 
15 
15 
15 
15 
16.4 
15 
15 
15 
lS 
15 
15 
15 
15 
15 
13 
15 
13 
8.1 
6.4 
3 
6.4 
6.4 
4.7 
6.4 
6.4 
6.4 
6.4 
8.1 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
8.1 
6.4 
6.4 
4.7 
4.7 
0 
3 
3 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
2 
3 
4 
4 
Q 
A 
A 
A 
Q 
D 
D 
D 
D 
A 
A 
A 
A 
D 
Q 
D 
D 
Q 
Q 
TABLE 5.8 (continued) 
El E2 E:3 E4 Es E 6 "'7 E8 Eg ElO Ell 
25 Tyndall Ranges creek 1 0 3.0 520 2,600 0.13 19 15 4.7 3 Q 
26 Hannant Inlet C!:"eek 1 0 0.8 40 2,200 0.13 19 15 8.1 3 Q 
27 Mt .. Barrow Creek 1 0 0.2 900 11445 0.25 22 9.7 .7 0 D 
28 Dee River 0 0.5 660 911 0.21 18 13- D 
29 Meredith River 4 35 200 2 616 0.28 22 16.4 8.1 4 D 
30 Lake Pedder 330 2,570 0#13 19 13 4 .. 7 Q 
31 Un-named creek on 
right b~~ of Gordor. 1 0 0.4 40 River, above the Olga 2,600 0.13 19 15 6.4 5 Q 
River jn. 
32 un-named creek on right 
ba."1k of Gordon River 1 1 0 0.4 40 2,600 0.13 19 15 6.4 5 Q 
abcve the Olga River jn. 
33 Hytten Hall Creek 1 0 1.2 40 626 0.23 22 16.4 8 .. l. 4 D 
34 Myrtle Forest Creek 1 0 1.4 620 1,200 0.20 22 15 6.4 2 ;:;; 
35 Sorell Creek 3 19 11.5 90 1,200 0.20 22 15 6.4 2 D 
36 alack Ri. ve~ 4 35 24.2 eo 1,429 o. 20 19 15 6.4 3 
37 Emu River 4 38 24.8 380 1,598 0.20 19 15 6.4 3 D 
38 West Swan River 4 25 20.8 100 866 0.25 22 15 6.4 D 
39 Horseshoe Bend Creek 44 20 618 0.28 22 16.4 8.1 4 0 
40 Liffey River .4 24 14.2 320 1,104 0.20 19 13 3 1 D 
4l Lake Sorell 840 702 0.23 19 11.4 3 0 D 
Key to substrates 
A = Alluvials (sandstone, mudstones and shale) 
D = Dolerite 
Q Quartzite 
Altitude 
The altitude of each locality was also dete1:mined from the maps 
of the 1:100 000 Tas maps series. 
Rainfall 
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'rhe average annual rainfall for a number of localities was obtained 
from records provided by the Tasmanian Bureau of Meteorology. Where 
localities were not in the records rainfall was estimated 
from the map of average annual rainfall distribution in Tasmania (after 
Bureau of Meteorology, 1979), given in 5.5. 
Rainfall Variability 
The relative variability of rainfall at each locality was estimated 
from the map of relative variability of rainfall in Tasmania, as measured 
by the coefficient of variability, given by Watson and Wylie (1972), 
Temperature 
Although weekly maximum and minimum water temperatures had been 
recorded in two streams near Hobart, it was not possible to take similar 
readings of stream temperatures for all other localities included in the 
multivariate analysis. Consequently air, rather than water temperatures, 
were used and four mean air temperatur.·es; the January and July maxima 
and minima, were estimated, for each locality, from the maps of isotherms 
given by Langford (1965). These four variables however, 
were viewed with caution as may well be too crude to give an a ccur at:e 
picture of the temperature regime experienced within each locality. 
The weekly stream maxima and minima for Lambert Creek (1} and 
Browns River (13,14) are given in 5.6 and 5.7. 
MEAN ANNUAL RAINFALL 
(Mill imetres) 
FIGURE 5.5 Rainfall map of Tasmania (from Bureau of Meteorology, 
1979) • 
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Lambert Creek; (5.7) Browns River, for the 11 month 
period, February to December, 1979. 
Substratum 
The composition of the substratum in each locality was noted 
at the time of sampling and three general categories are included in 
Table 5.8. These are; dolerite, quartzite and alluvials (sandstones, 
mudstones and shales). The first category included both doleritic 
and basaltic substrates while the last category effectively included 
all substrates not included in the first two. 
Three Dimensional Graphs, Rainfall and Substrate 
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Three dimensional graphs were constructed in an attempt to further 
elucidate the relationship between environmental factors and the relat-
ive positions of groups, as determined by shape, in the canonical variate 
analysis. The graphs were constructed using perspex base plates, brass 
rods and coloured beads. The first and second canonical axes were rep-
resented by the x ~nd y planes, respectively, on the base plate. The 
third canonical axis was represented by the z, or vertical, plane as 
denoted by the brass rods. 
One graph was constructed for the canonical variate analysis per-
formed on the total data set of 41 groups and one for the canonical 
variate analysis performed on the s. secretus data set of 34 groups, 
only. Beads were used on the end of each rod to denote the mean position 
of each group as determined by larval shape. Beads of different colours 
were used to denote both the rainfall regime and the substratum of each 
locality on the graph for the total data set while the rainfall regime, 
only, of each locality was denoted on the graph for S. secretus alone. 
Initially beads of different colours were used to denote all environ-
mental variables (11) considered so far, on ·the graphs. However only 
rainfall and substratum were presented in the final graphs as these gave 
the clearest patterns of groups in the analyses. 
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Mean 1.</atc~r Velocities 
As running water is a major feature of the habitat of larval 
Sc.lerocyphon it was obvious that a knowledge of mean velocities occur-
ring in each locality would be of considerable value in the interpret-
ation of the effect of the environment on the expression of larval 
As actual stream velocity measurements for the 41 localities 
included in the final study were not available mean velocities were 
computed using Mannings equation. 
Smith (1975) notes that detailed analysis of the vast variety Qf 
' flow conditions that can occur in rivers and streams is virtually 
sible; however mean velocities can be computed using Manning's equation 
where 
1 
n 
2 
and V mean velocity (which occurs at approximately 
0. 4 depth from the 
n = Manning's roughness coefficient 
R hydraulic mean radius 
s slope 
·rhe hydraulic mean radius, ~ H p ~:!!J A 
where p -" wetted of stream 
A = cross-sectional area of stream 
In this study p 
and therefore R wd w = width of stream 
4 
d ... depth of strHam 
Manning's equation was used to calculate mean velociti(.;!S for 
localities where the slope,depth and width of the stream were known. 
As these parameters were no·t known for all localities (41) included 
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in the final study calculations of correlation coefficients between 
mean velocities and canonical variate means, in a fashion similar ·to 
that performed on the eleven environmental variables, given above, were 
not attempted. 
Marmings n provides an estimate of the roughness of the substratum 
and a value of 0,03 (after Chow, 1959) was used in all calculations of 
mean velocities although it is realised that bed roughness did vary 
between different localities. 
5.7 Results 
Canonical Variat.e Analysis on the Total Data Set (41 groups) 
The results of t.he canonical variate analysis on the total 
data set of 41 groups using six variables are given in Table 5.9 and the 
results for the analysis using five variables are given in Table 5.10. 
The tables of Mahalanobis dist.ances for both analyses are given in 
Appendix B (Tables B.3 and B.4, respectively). Using the M-dist_ance 
test described in Section 5.2 the critical distances for the six variable 
and five variable analyses are 1.5 and 1.4 respectively. Summaries of 
1:he important features of t:he tables of Mahalanobis distances ('rables 
B.3 and B.4) are given in Tables 5.11 and 5.12 respectively. 
Comparison of t.he results provided in Tables 5. 9-5.12 sugges·t ·that 
size is not of any significanc<c?. in dist:inguishing groups, The distances 
between groups are fairly similar under both analyses and it is apparent 
from a consideration of the coefficient.s defining the transformation of 
the original variables to canonical variables (the eigen vectors} that 
the size variable makes little contribution on any axis. 
TABLE 5.9 Results of canonical variates analysis performed 
on total data set (41 groups) , using six variables 
(one size and five shape variables) 
canonical Variables l 2 3 
Eigen Values 4.41 1.90 l. 08 
Percentage Variance 52.65 22. 7l 12.91 Explained 
Eigen Vectors vl -5.49 2.78 4.02 
v2 -16.68 45.57 36.61 
v3 -7.25 -3.07 7.37 
v4 -55.02 -21.80 -42.38 
v5 38.13 -63.67 19.51 
42.81 4.36 3.93 
Canonical Variate 
* Means 1 -2.92 -0.87 -1.07 
2 -0.58 -0.10 1.32 
3 -1.67 -1.00 2.16 
4 0.88 0.68 0.99 
5 -2.05 1.10 0.51 
6 0.73 -1.92 2.15 
7 2.96 -0.94 1.23 
8 0.99 0.44 0.39 
9 0.60 -0.13 -0.19 
10 3.30 0.31 0.03 
11 -1.32 1.03 0. 72 
12 -4.25 1.20 0.44 
13 -0.14 -0.21 0.27 
14 -0.34 -0.79 0.07 
15 -0.62 -0.69 -0.67 
16 -2.00 -1.50 -0.92 
17 -0.90 -1.20 -0.91 
18 -1.49 -1.98 -1.74 
19 -1.49 1.00 0.82 
TABLE 5.9 (continued) 
Canonical Variate 
Means 
20 3.32 -1.24 -0.42 
21 -0.09 -0.60 0.87 
22 0.68 -0.52 -0.07 
23 2.76 -0.64 -1.08 
24 2.56 0.85 -1.38 
25 0.30 -0.11 -0.94 
26 2.32 -0.84 -2.71 
27 -0.72 -1.24 0.60 
28 -2.70 0.10 -o. 10 
29 -3.63 1.97 -1.49 
30 -2.18 -3.88 -0.11 
31 3.57 -0.53 0.59 
32 3.66 -0.24 0.28 
33 -2.31 -0.24 -0.36 
34 0.69 -0.40 0.78 
35 1.28 2.12 -0.32 
36 1.20 1.55 0.22 
37 1.39 2.04 0.23 
38 1.02 2.79 -0.53 
39 -0.02 2.25 -0.91 
40 -0.42 1.24 0.96 
41 -2.35 1.17 0.86 
* locality groups: 1-34, s. secretus; 35-40, s. aquaticus; 
41, s. lacustris. 
TABLE 5.10 Results of canonical variates analysis performed 
on total data set (41 groups) using five variables 
(the five shape variables). 
Canonical variables 1 2 3 
__ , ____________ 
Eigen Values 3.59 1.25 1.04 
----------~------
Percentage Variance 58.18 20.36 16.93 Explained 
--... --------·--·- ------------------
Eigen Vectors 
v2 -15.59 8.33 81.91 
v3 -7.85 0.53 7.86 
v4 -49.88 -5.54 -67.04 
vs 44.2.1 -52.06 -25.25 
v6 28.39 -5.96 15.52 
-~-...._.~-·--·-~h------~----.. -..--
Canonical Variate 
Means * 1 3.39 -0.06 -0.27 
2 0.35 0.26 1. 38 
3 l. 06 1.38 1.72 
4 -0.82 -0.55 1.38 
5 0.96 -0.84 0.17 
6 -0.25 2.14 2.15 
7 -2.33 1.33 1.12 
8 -0.74 -0.44 0.76 
9 -0.42 0.13 -0.20 
10 --3.10 0.20 -0.41 
11 0.01 0.43 -0.10 
12 3.22 -1.47 0.81 
13 0.15 0.22 0.29 
14 0.67 0.57 0.27 
15 0.80 0.45 -0.71 
16 2.57 o. 77 -0.49 
17 1.05 0.97 -1.20 
18 2.08 1.33 -1.80 
19 -0.01 -0.29 -0.22 
TABLE 5.10 (continued) 
Canonical Variate 
Means 
20 -2.55 1.50 -0.91 
21 0.21 0.64 0.94 
22 0.10 0.15 0.56 
23 -1.68 0.44 -0.84 
24 -1.98 -0.93 -1.15 
25 -0.21 0.05 -1.14 
26 -0.83 0.14 -2.21 
27 0.85 1.19 0.52 
28 2.46 -0.56 -0.41 
29 3.00 -2.64 -o. 77 
30 2.47 3.67 -0.98 
31 -3.26 1.18 -0.06 
32 -3.48 0.93 -0.49 
33 2.03 -0.04 -0.32 
34 -0.41 0.46 0.95 
35 -1.74 -1.80 -0.36 
36 -1.43 -1.30 0.35 
37 -2.15 -1.42 -0.18 
38 -1.47 -2.63 -0.23 
39 0.00 -2.59 -0.06 
40 0.10 -1.17 1.40 
41 1.30 -0.99 0. 77 
* locality groups: 1-34, s. sec.retus; 35-40, s. aquaticus; 
41, s. lacustris. 
TABLE 5.11 Summary of the important features of the table 
of Mahalanobis distances (Table B-3} obtained 
for the canonical variate analysis on the total 
data set (41 groups) using six variables (one 
size and five shape variables). 
Groups which are not significantly different in larval shape 
(Pairs of groups with M-distance <1.5) 
1,16; 2,13; 2,21; 4,8; 4,34; 5,11; 5,19; 8,34; 8,36; 9,22; 9,25; 
9,34; 10,31; 10,32; 11,19; 13,14; 13,21; 14,15; 14,21; 14,22; 
14,27; 14,34; 15,17; 15,25; 17,18; 21,22; 21,27; 21,34; 22,34; 
28,33; 31,32; 35,36 
Groups which differ significantly from all others on the basis 
of larval shape 
3; 6; 7; 12; 16; 20; 23; 24; 26; 29; 30; 37; 38; 39; 41 
TABLE 5.12 Summary of the important features of the table of 
Mahalanobis distances (Table B-4) obtained for the 
canonical variate analysis on the total data set 
(41 groups} using five variables (the five shape 
variables) • 
Groups which are not significantly different in larval shape 
(Pairs of groups with M-distance <1.4) 
1,16; 1,28; 2,13; 2,14; 2,21; 2,22; 2,34; 3,27; 4,8; 4,34; 4,40; 
5,11; 5,19; 8,11; 8,22; 8,34; 8,36; 9,11; 9,19; 9,22; 9,25; 9,34; 
10,32; 11,13; 11,14; 11,15; 11,19; 11,22; 11,25; 13,14; 13,19; 
13,21; 13,22; 14,15; 14,19; 14,21; 14,22; 14,27; 14,34; 15,17; 
15,19; 15,25; 17,18; 19,22; 19,25; 20,32; 21,22; 21,27; 21,34; 
22,27; 22,34; 28,31; 28,32; 28,33; 31,32; 35,36; 35,37; 36,37 
Groups which differ significantly from all others on the basis 
of larval shape 
6; 7; 12; 16; 23; 24; 26; 29; 30; 38; 39; 41 
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'l'o avoid it: ion, only the imp1 ications of th~c canonical 
variatt"~ analysis performed on the five~ variable data set will bt? con-· 
sidered here and discussed in the following section (5.8). '!'here axe 
no fundamental differences between the results of the two analyses; 
however, the analysis based on shape variables alone the more approp-
riate for discussion as shape is the factor of interest in t:his study. 
The results of the canonical variate analysis on the five variable 
data set are given in Figure 5.8. 
Statistically, the importance of a canonical axis is given by 
the percentage of the total variation it account-s for. Table 5.10 
shows that the first canonical axis accounts for 58% of the total variation, 
the second for 20% and the third for 16.9%. 'l'he first canonical axis 
is the largest, providing the greatest separation of groups and therefore 
must be considered to be the most statistically important. However, a 
smaller axis may be more important biologically. Blackith and Reyment 
(1971) not<:! that the first canonical axis often represents some quantity 
which is numerically but of limited consequence to the biologist. 
Often the first axis represents a size axis (Black ith and Reyment, 1971) 
as size is the character in \vhich the gn;atest amount of variation is 
present. However, the fact that variables were transformed to adjust 
for size in this study that the first axis here is reflecting 
variation in shape, rather tha.n size. 
As the first two axes account for a proportion of the total 
variation then, as noted in Section 5. 2, a graph of the first. two axes 
plott.ed together may be considered as a fairly oomplete visual 
ation of the similarities between groups. Examination of Figure 5.8 
revf~als that there is a continuous scatter of points along both the 
first and second axis and thus variation in shape within both s. secretus 
and s. a.quaticus is largely of a continuous nature. 
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FIGURE 5.8 Canonical variate analysis on the total data set (41 
groups), comprising 34 groups of s. secretus (1-34), 
six groups of s. aquaticus (35-40) and one group of 
S. lacustris (41), using five variables. 
(a) first and second canonical variates plotted together. 
(b) second and third canonical variates plotted together. 
The five groups of S. aquaticus are enclosed within the 
dotted line. 
The most accurate estimate of the distance be·tween groups, 
however 1 is provided by the table of M~distances. Table 5,12 (the 
sununary of the table of M-distances, 'l'ublE:1 13-4) ~1hows that only nine 
of the 34 groups of s. sec:retus, two of the six groups of s. aquaticus 
and the group of s. lacustris differ ficantly from all 
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o·thers on the basis of shape, 'l'able 5.12 also reveals that two qroups 
of s. aquatic:us, 36 and 40, are indistinguishable from two groups of 
S. sec:retus, 8 and 4, respectively. •rhe scatter of groups on 
5.8a, however, shows groups 41 and 5 to be closer than 36 and 8 and 
40 and 4. This anomaly arises from the fact that the third axis does 
play some in indicating the of groups in the analysis 
and by considering the first. and second axes the effect of the 
third axis is ignored. Thistin fact, provides an example of why the 
table of M-distances provides a more accura·te estimation of distances 
between groups than the of first and second axes plotted together. 
The table of M~distances are based on the distances between groups on all 
three axes, not just the first two (as noted in Section 5.2). 
The nature of larval shape changes along each axis is given by the 
relative magnitudes, and , of the eigen vectors (Table 5.10). In 
interpreting these values it must be remembered that the transformed 
variables; v2 , v3 , v4 , v5 and v6 , correspond to the widths of segments 
1, 3, 6, 9 and 12. On the fi·rst axis a decrease in the width of seg~ 
ments 1, 3 and 6 is accompanied by an increase in segments 9 and 12 and 
the greatest change occurs between segments 6 and 9. On the second axis 
segment 9 decreases markedly in t:o all other segments and this 
axis may well reflect the degree to which larvae are tapered iorly. 
No clear trends are evident on the third axis, a large increase in 
segment 1 is accompanied by a large decrease in segment 6, segments 9 
and 12 also change in the fashion. 
To visualize the changes in larval shape predicted by the eigen 
vectors larvae from six different groups at both the 
centre and ends of the first and second axes .in 5.8a were drawn 
(Figure 5.9). From 5.9 it can be seen that the first axis rep-
resents a gradual change in larval from wide to narrow shields. 
A similar change occurs on the second axis from wide almost circular 
shields to narrow tapered shields. This axis clearly separates 
S. secretus from s. on the basis of 
Canonical Variate Analysis on the Single 8. secretus 
'.!.'he results of the canonical variat:e on the s. secretus 
data set (34 groups) using six variables are given in '!'able 5.13 and the 
results of the analysis using five variables are given in Table 5.14. 
The tables of Mahalanobis distances for both 
Appendix B (Tables B-5 and B-6 respectively) . 
are given in 
Summaries of the import-
an·t features of these tables are given in Tables 5.15 and 16 respectively. 
No differences exist· between the relative positions of groups 
under (Clither analysis and therefore, as for the analysis conduct.ed on 
the total data set, the canonical variate analysis performed using 
five variables will be considered l:l.ere. 
The results of the canonical variate analysis on the five variable 
data set are plotted in Figure 5.10. Comparison of Figure 5.10 with 
Figure 5.8 (the graph of the canonical variate analysis on the total 
dat.a set using five variables) reveals few differences in the relative 
di stancml between groups of S. secret us in either analysis . 
.B'rom 'I'able 5.14 it can be seen that the first axis accounts for 
58% of the total variation, the second for 20% and the third for 16.9%. 
These results are identical to those obtained for the analysis on the 
total data set ('I'able 5 .10) . '!'able 5.16 (which summarises the table 
of Mahalanobis distances, 'I' able B·-6) shows that only nine of the 34 groups 
of s. secretus differ significantly from all others on the basis' of larval 
s. secretus: 6, 10, 9, 13, 1 
s. aquaticus: 39 
6 
1) 9 13 1 
FIGURE 5.9 Trends in larval shape inS. secretus and s. aquat-icus 
as determined by the distribution of groups on the first 
and second canonical axes in the canonical variates anal-
ysis on the total data set (41 groups) given in Figure 
5.8a. 
TABLE 5.13 Results of canonical variates analysis performed on 
s. secretus data set (34 groups) using six variables 
(one size and five shape variables). 
Canonical Variables 1 2 3 
Eigen Values 5.01 1.40 1.25 
Percentage Variance 58.45 16.33 14.61 Explained 
Eigen Vectors 
vl -6.60 5.75 1.03 
v2 -20.12 49.22 24.68 
v3 -5.17 . 2. 03 l. 70 
v4 -55.78 -52.67 -20.92 
v5 44.73 10.02 -53.28 
v6 42.85 0.07 0.55 
Canonical Variate 
Means 1 -2.65 -1.46 -0.34 
2 -0.59 1.38 -0.25 
3 -1.69 1.88 -1.51 
4 0.80 1.16 0.53 
5 -2.25 1.10 1.08 
6 0.92 1.58 -2.17 
7 3.05 1.07 -0.80 
8 0.97 0.58 0.59 
9 0.64 -0.10 0.35 
10 3.21 0.43 0.89 
11 -1.58 1.38 1.04 
12 -4.35 0.89 1.05 
13 -0.09 0.39 0.06 
14 -0.20 -0.11 -0.45 
15 -0.49 -o. 74 -0.05 
16 -1.72 -1.45 -0.94 
17 -0.74 -1.10 -0.49 
18 -1.16 -2.22 -0.90 
TABLE 5.13 (continued) 
canonical Variate 
Means 
19 
-1.79 1.52 0.99 
20 3.46 -0.53 -0.34 
21 -0.02 0.73 -0.55 
22 0.86 -0.26 -0.11 
23 2. 98 -1.07 0.44 
24 2.56 -0.92 1.82 
25 0.35 -0.71 0.68 
26 2.62 -2.89 0.69 
27 -0.59 0.25 -1.13 
28 -2.63 -0.60 0.54 
29 -3.73 -0.83 2.43 
30 -1.80 -1.21 -3.33 
31 3.58 0.80 0.02 
32 3.61 0.63 0.39 
33 -2.25 -0.29 0.10 
34 0.74 0.68 -0.33 
TABLE 5.14 Results of canonical variates analysis performed 
on s. secretus data set (34 groups) using five 
variables (the five shape variables). 
Canonical Variables 
Eigen Values 
Percentage Variance 
Explained 
Eigen Vectors 
Canonical Variates 
Means 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1 
3.59 
58.18 
-15.59 
-7.85 
-49.88 
44.21 
26.13 
-3.20 
-0.11 
-0.57 
0.82 
-0.99 
0.88 
2.65 
0.75 
0.50 
3.08 
-0.01 
-3.23 
0.00 
-0.43 
-0.63 
-2.28 
-0.81 
-1.76 
0.03 
2 3 
1.25 1.04 
20.36 16.93 
8.33 81.91 
0.53 7.86 
-5.54 -67.04 
-52.06 -25.25 
-0.47 13.39 
-0.08 -0.18 
-0.61 1. 35 
-1.92 1.01 
0.18 1.59 
0.80 0. 7 2 
-2.54 1.25 
-1.03 0.73 
0.39 1.08 
o. 37 -0.06 
0.83 -0.15 
0.75 0.31 
0.72 1.52 
-0.04 0.44 
-0.44 0.16 
0.13 -0.66 
-0.61 -0.74 
-0.17 -1.35 
-0.32 -2.07 
0.69 0.13 
TABLE 5.14 (continued) 
Canonical Variates 
Means 
20 2.78 -0.13 -1.17 
21 0.06 -0.74 0.74 
22 0.05 -0.11 0.63 
23 l. 76 0.68 -0.58 
24 1. 74 2.00 -0.35 
25 0.24 0.87 -0.78 
26 0.77 1.36 -1.87 
27 -0.48 -1.17 0.05 
28 -·2.40 0.62 -o.oo 
29 -3.36 2.49 0.53 
30 -1.65 -2.86 -2.46 
31 3.47 -0.08 -0.15 
32 3.60 0.33 -0.43 
33 -1.89 0.14 -0.08 
34 0.62 -0.51 0.80 
TABLE 5.15 Summary of the important features of the table 
of Mahalanobis distances (Table B-5) obtained 
for the canonical variate analysis on the 
S. secretus data set (34 groups) using six 
variables (one size and five shape variables). 
Groups which a.re not significantly different in larval shape 
(Pairs of groups with M-distance <1.5) 
1,16; 2,13; 2,21; 4,8; 4,34; 5,11; 5,19; 8,9; 8,22; 8,34; 9,14; 
9,15; 9,25; 9,34; 10,31; 10,32; 13,14; 13,21; 14,15; 14,22; 14,27; 
14,34; 15,17; 15,25; 17,18; 21,27; 21,34; 22,34; 28,33; 31,32 
Groups which differ significantly from all others on the basis 
of larval shape 
3;6;7;12;16;23;24;26;29;30 
TABLE 5.16 Summary of the important features of the table of 
Mahalanobis distances (Table B-6) obtained for the 
canonical variate analysis on the S. secretus data 
set (34 groups) using five variables (the five shape 
variables) • 
Groups which are not significantly different in larval shape 
(Pairs of groups with M-distance <1.4) 
1,16; 1,28; 2,13; 2,14; 2,21; 2,22; 2,34; 3,27; 4,8; 4,34; 5,11; 
5,19; 8,11; 8,22; 8,34; 9,11; 9,19; 9,22; 9,25; 9,34; 10,32; 
11,1; 11,3; 11,14; 11,15; 11,19; 11,22; 11,25; 13,14; 13,15; 
13,19; 13,21; 13,22; 13,27; 14,15; 14,19; 14,21; 14,22; 14,27; 
15,17; 15,19; 15,25; 17,18; 19,22; 19,25; 20,32; 21,22; 21,27; 
21,34; 22,27; 22,34; 28,33; 31,32 
Groups which differ significantly from all others on the basis of 
larval shape 
6; 7; 12; 16; 23; 24; 26; 29; 30 
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These nine groups (6, 7, 12, 16, 23 1 24, 26, 29 and 30) were 
also found to be ficantly diffe.rent in the canonical variate anal-
ysi.s performed on the total data set (Table 5.12). 
Comparison of the eigenvectors given in Tables 5.10 and 5.14 
reveals that the same trends in shape seen in the analyses on the total 
dat:a set: of 41 groups also exist in the analysis of the 34 groups 
s . .secretus alone. The first axis reflects a compara·tive change in 
width between the anterior and regions of the larval shield 
while the second axis reflects a marked in the width of segment 
9 with respect to all other segments. Representative larvae from five 
different groups at both t:he cent.re and ends of the first and second 
axes in Figure 5.10 are illustrated in Figure 5.11. •rhe first axis 
reflects a change from narrow to wide shields and similarly the second 
axis reflects a change from narrow to wide shields. 
A west-east trend in larval shape is evident in the groups scattered 
across the first axis in Figure 5.10a. Groups lying in the positive 
region of the first axis are predominantly from ·the west of Tasmania 
while those lying in the region are from the east. 'Phis west-
east trend in larval shape is, in fact, a change from wide to narrow 
shields. All groups from high altitudes lie towards the centre of the 
first axis while lowland groups are well scattered across both areas. 
Therefore, while larval populations of s. secretus in high altitude 
streams exhibit similar shapes, populations in lowland streams may differ 
markedly. 
gxactly the same trends in larval shape in s. secretus are evident 
under both the canonical variate analysis performed on the 34 groups of 
s. secretus alone and in the canonical variate performed on the 
total data set of 41 groups which includes S. aquaticus (six groups) and 
t:i • .Ia.custris (one group) as well as the 34 groups of s. secret us. To 
avoid repetition only the results of the canonical variate analysis 
1 
FIGURE 5.11 
24 
32 
30 
cv 
Trends in larval shape in s. secretus as determined by 
the distribution of groups on the first and second 
canonical axes in the canonical variate analysis on 
the S. secretus data set (34 groups) given in E'igure 5.10. 
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on the total data set of 41 groups, using five variables, 
will be considered further here and discussed in the following section 
(5.6). 
•resting for Sampling Error Using Two Groups from the Same Locality 
The localities containing duplicate groups and the M-distances 
between each pair of groups (as given in Table B~4, Appendix B) are 
listed in Table 5.17 below. 
TABLE 5.17 M-distances between pairs of gro·ups from the same localities, 
as obtained from Table B-4 (Appendix B) , the M-distances 
for the canonical variates analysis on the t.otal 
data set of 41 localities five variables. 
Locality Groups 
Parsons Bay Creek 11, 19 
Browns River 13, 14 
Baxter Rivulet 15, 16 
Pearl Creek 17, 18 
un-named Creek on the right 
bank on the Gordon River 31, 32 
* 
M-distance between 
groups 
0.21 
1.04 
* 1.96 
1.32 
0.65 
The critical distance for the M-distance between pairs of groups in 
the five variable canonical variate analysis is 1. 4 (calculated from 
the formula given in Section 5.2). The M~·distance marked with an 
asterisk is the only one exceeding this critical distance, 
From Table 5.17 (above) it can be seen that four of the five loca.l~ 
ities tested possessed pairs of groups of similar shape. For Baxter 
Rivulet however, the M~distance between the two groups indicated that 
they were significantly different, that is, they possessed larvae of 
different shapes. 
To analyse differences between the two Baxter Rivulet groups a 
univariate of variance was performed, between the two groups, 
on each variable. 'l'he 1~-ratios, and tht~ir probabilities, obtained in 
these analyses are given in 'I' able 5 .18. 
TABLE 5.18 F-ratios and probabilit.ies for the univariate analysis 
of variances performed on the t.wo Baxter Rivulet qToups 
(15, 16) to compare individual variables. 
* Variable 
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F-ratio 
DF = 1,29 
2. 972 7.734 9.185 11.43 3.468 0.0065 
*** *** *** Probability 0.095 0.009 0.005 0.002 0.073 0.936 
* Vari~bles V J 
Sect;:wn 5. 6 
v 6 the transformed variables defined in 
From Table 5.18 (above) it can be seen ·that larvae in the two groups 
differ significantly with to three variables; v2 , v3 and v4 . 
These variables correspond t.o the widt.hs of three segments; segment 1, 
segment 3 and segment 6, respectively. 
The reasons why the two groups taken from the same localit.y, Baxter 
Hi vulet, differ in shape are not clear. Further analysis of shape 
variation within this locality, based on measurement of a large number 
of larvae, is needed. Although the groups in the fou.r other 
localities tested were all similar i.n this difference in the Baxter 
Rivulet groups sug9ests that the entire analysis must not be regarded 
as wholly conclusive. A more extensive analysis of larval shape variat--
ion within localit.ies is still needed. 
•resting Measurement Error 
'I'he M-distance between the two groups, 21 and 34, obtained from 
the measuring ·the same set of 15 larvae from Myrtle Forest Creek twice, 
was 0. Tl (from •rable. B-4, the M .. ·distances obtained for the canonical 
variate analysis performed on the total data set of 41 groups using five 
variables) . As stated above, the critical M-distance denoting a real 
separation between groups was 1.4 for the five variable 
'rlll'l M-distance of 0, 77 is below this value c:md thus the two groups 
are indist.inguishablE~ on the basis of shapE.!. This suggests, as would 
be hoped, that measurement error was not playing a significant role 
in dist.inguishing groups. 
Testing for Distinct Subgroups within Each Group 
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The dendrograms obtained for the cluster analyses performed on the 
41 groups in the total data set are given in 5.12. 
previously (Section 5.6) the cluster , and the 
produced, are of little value in isolation but enable some 
to be made between groups. 
As noted 
Differences between dendrograms 21 and 34, the two Myrtle Forest 
Creek groups representing the same group of 15 larvae measured twice, 
illustrate the differences in clustering that can occur where only slight 
differences in measurement exist, 
Differences between the dendrograms obtained for localities where 
two groups of larvae were measured, Parson's Bay Creek (11 and 19) 1 
Browns River (13 and 14), Pearl Creek (17 and 18) and an un-named creek 
on the right bank of the Gordon River (31 and 32) illustrate the diffex:-
ences in clustering that can occur be·tween two groups of larvae from the 
same population. Greater differences were evident between the ·two groups 
(15 and 16) from Baxter Rivulet and this was to be expected as the M-
distance given in 'rable 5.17 above had indicated that the two groups 
were significantly different in larval shape. 
I·t is interesting to note that both lacustrine groups, 30 and 41, 
s. secn~tus from Lake Pedder and S. lacust.ris from Lake Sorell, respect-
ively, exhibit similar, and ~~xtremely lm-v, variabilities in larval 
within each group. Possibly some factor (or factors) is more constant 
i.n t.he lacustrine environment than i.n the riverine one, resulting in 
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Dendograms obtained from the cluster on each 
group (41) in the total data set comprising 34 groups 
of s. secretus (1-34), six groups of s. aquaticus (35-
40) and one group of s. lacustris (41). Each group is 
represented by,one dendogram and each larva within a 
group (15) is represented by one of the 15 lowest div-
isions. 
I brrn 
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great:.er un~ formity in larval in the former environment. 
From the differences in clustering in the groups cited above it 
would be unwise to place too much emphasis on the individual group 
results of this cluster analysis. The overall result of this cluster 
analysis is that two or more distinct and well subgroups are 
not present within groups. This suggests that variability within groups 
is of a continuous ra·ther than a discrete nature. 
'I'he variances obtained in the one-way analysis of variance performed 
on each va.riab.le over the 41 groups in the final data set are given in 
'I.' able 5.19. 'I'he variances are all low and not significant at either 
the 5% or 1% levels. 'l'his result that obtained in the cluster 
, that two distinct and well~separated subgroups are not present 
within groups. 
Correlations Between Canonical Variate Mea.ns and Environmental 
Variables 
Correlation coefficients (r) between the mean scores on each of the 
three canonical axes (listed in Table 5.10) and ten continuous environ~ 
mental variables (listed in Table 5. 8) are given in 'l'able 5. 20. 'l'his 
table also gives correlations between the different environmental var-
iables and thus provides an indication of the way in which these va.riables 
are interrelated. The two~way contingency tables constructed to examine 
the relationship between substratum and the three canonical <lxes are 
given in Table 5.21. 
Stream Order 
~rhe highest correlations between canonical and environmental var-
iables ('I' able 5. 20) exists between the second canonical axis and both 
stream order (r "' 0. 83) and the number of tributaries (r "" 0. 75). As 
st.r:eam order and the number of tributaries are also highly correlated 
TABLE 5 .2:2_ Variances obtained from the analysis of variance on each variable in each group fo:r: the 
total data set (41 groups). In all cases the degrees of freedom are: 1,14 . 
• Group 
(Locality 
Number) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
0.05716 
0.00638 
0.00368 
0.01109 
0.01072 
0,01594 
0.01278 
0.01262 
0,01717 
0.01766 
0.01073 
0,01978 
0.00549 
0.00906 
0.01994 
0.03202 
0.00647 
0.01855 
0.02028 
0,00815 
0,01560 
0.00615 
0.02495 
0.02263 
0.01430 
0.02646 
0.01771 
0.02127 
0.02253 
0.01124 
0.01210 
0,00713 
0.00417 
0.00596 
0.02154 
0.04925 
0.02769 
0.00936 
0.07114 
0.02878 
0.00854 
•• Variances 
-----·-----· 
0.00062 
0.00051 
0.00017 
0,00034 
0.00027 
0.00080 
0,00135 
0.00093 
0.00070 
0.00037 
0.00015 
0.00031 
0,00064 
0.00057 
0.0011.2 
0.00044 
0.00074 
0.00051 
0.00264 
0.00010 
0.00022 
0.00078 
0.00020 
0.00056 
0.00118 
0.00037 
0,00021 
0.00019 
0.00030 
0.00016 
0,00044 
0.00046 
o·.ooo2s 
0.00095 
0.00054 
0.00071 
0,00086 
0.00068 
0,00030 
0,00065 
0.00010 
0.00068 
0,00054 
0.00032 
0.00041 
0.00034 
0.00078 
0.00143 
0.00095 
0.00074 
0.00065 
0.00013 
0.00037 
0,00067 
0.00085 
0.00094 
0.00044 
0.00086 
0.00020 
0.00226 
0.00037 
0.00033 
0.00091 
0.00015 
0.00071 
0.00092 
0.00051 
0.00026 
0.00031 
o.ooo;m 
0.0001.5 
0.00055 
0.00044 
0.00023 
0.00133 
0.00052 
0.00070 
0 .000'17 
0.00060 
0.00034 
0.00074 
0.00012 
0.00055 
0.00043 
0.00028 
0.00040 
0.00030 
0.00056 
o. 00122 
0.00097 
0.00032 
0.00050 
0.00021 
0.00028 
0.00058 
0.00050 
o.ooo85 
0.00058 
0.00059 
0.00015 
0.00201 
0.00048 
0.00031 
0.00068 
0.00008 
0,00088 
0.00071 
0.00041 
0.00021 
0.00028 
0.00017 
0.00016 
0.00041 
0.00039 
0.00023 
0.00096 
0.00035 
0.00044 
0.00089 
0,00035 
o. 00029 
0.00065 
0,00016 
Groups: 1-34, s. secretus; 35-40, s. aquat.icus; 41, s. lacust.ris 
•• 
0.00026 
0,00035 
0.00022 
0.00033 
0.00021 
0.00035 
0.00087 
0.00074 
0.00032 
0.00042 
0.00029 
0.00031 
0.00051 
0.00043 
0.00067 
0.00041 
0.00073 
0.00018 
0.00149 
0.00030 
0.00040 
0.00064 
0.00017 
0.00065 
0.00028 
0.00038 
0.00021 
0.00025 
0.00029 
0.00032 
0.00035 
0.00034 
0.00022 
0.00072 
0.00016 
0.00061 
0.00074 
0.00049 
0.00029 
0.00052 
0.00025 
v 1 - v 6 are the transformed variables (as described in section 5.6) 
0.00074 
0.00052 
0.00040 
0.00077 
0.00047 
0.00039 
0.00125 
0.00074 
0.00136 
0.00096 
0.00031 
0.00057 
0.00053 
0.00115 
0.00108 
0.00093 
0.00076 
0.00069 
0.00196 
0.00033 
0.00075 
0.00082 
0.00061 
0.00063 
0.00088 
0.00111 
0.00054 
0.00058 
0.00105 
0.00062 
0.00078 
0.00046 
0.00038 
0.00249 
0.00095 
0.00100 
0 .0012f3 
0.00054 
0.00130 
0.00087 
0.00026 
~-~2-9. Correlations between canonical variables and environmental variables for the 41 groups 
in the fi.nal study. 
Vari.ables 
El EO 
El E9 
El ElO 
c 1 , and c 3 aro the canonical variable means, in the canonical variate anal:ysis on the 
total set (41 groups) using five variables, as ll.sted in Table 5.10. 
E1-E10 are the environmental variables as li.st.ed in Table 5 .. 8. 
COl:Telation 
coefficient, r 
··0.10 
-0.05 
-0.28 
-0.09 
* 0.63 
-0.24 
0.23 
-0.01 
···0.01 
0.92 
0.51 
-0.37 
-0.36 
0.39 
-O.OB 
0.02 
0.20 
O.ll 
-0.11 
0.08 
0.24 
-0.74 
-0.79 
-0.22 
0.04 
0.12 
Variables Correlation 
coefficient, r 
0.44 
-0.34 
-0.49 
0.•19 
0,.05 
0.01 
0.26 
0.09 
-0.29 
-0.29 
0.34 
-0.05 
-0.04 
0.16 
0.09 
-0.78 
-0.56 
0.36 
-0.47 
-0.07 
0.70 
0.64 
Variables: Cor:t:elation. 
coefficient, r 
0.02 
-0.02 
-0.24 
0.42 
-0.22 
0.24 
0.21 
-0.28 
-·0. 36 
-0.28 
-0.24 
-o. 
0.40 
0.20 
0.11 
0.25 
0.28 
0.05 
-0.36 
0.05 
0.04 
0.77 
;--~~----~~"-~--·----"'"""~----~-··-------"------·~----------,.~--~---------~--·--· 
'fhe asterisk marks the highest correlations obtained betwoen canonical variate means imd 
environmental variables~ 
TABLE 5.21 Contingency tables constructed to test the hypothesis 
that there is no relationship between substrate and 
the three canonical variates. 
Quartzite 
First 
canonical + 1(16.1) 
axis 10(4.8) 
11 
2 
X 
(D .F .=2) 
Quartzite 
First 
+ 8(5.9) 
canonical 
axis 3 (5 .1) 
11 
2 
X (D. F .=2) 
Quartzite 
First 
canonical + 3(4.8) 
axis 8 (6. 2) 
11 
2 
X (D.F.=2) 
Substrate 
Alluvials 
4 (3. 9) 
3(2.3) 
7 
14.65, P<O.OOl 
Substrate 
Alluvials 
6(3.8) 
l ( 3. 2) 
7 
*** 
= 7.84, 0.02<P<O.Ol 
Substrate 
Alluvials 
3(3.1) 
4(3.9) 
7 
Dolerite 
18(12.9) 
5 (10. 9) 
23 
Dolerite 
8(12.3) 
15(10.6) 
23 
** 
Dolerite 
12(10.1) 
11(12.9) 
23 
= 1.82, not significant 
23 
18 
41 
22 
19 
41 
18 
23 
41 
(r 0.92) only the between the former and larval shic~l(1 
will be considered further. 
•rhis correlation indicates that most of the localities in 
thEl negative region of the second canonical axis (Figure 5. 8a) are of 
stream order while those in the posi.t:.ive region are of low stream 
order; that is, larvae of wide, almost circular shields are in 
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streams of high stream order (larger streams or rivers) while those with 
narrow, tapered shields are in s·treams of low order (small 
Most localities in the former region contain S. aqua.ticus and this agrees 
well with field observations. This species appears to be restricted 
to streams and rivers (Chapter 4) and is usually very wide, 
almost circular, in 
Where s. secretus occurs in high order streams larval shields are 
wide. However, within first order streams S. sec:retus exhibits 
a range of shapes. Larvae in first order streams in the east of Tasmania 
are narrow-elongat.e to moderately wide and while larvae in first 
order streams on the west coast are moderately wide to very wide. 
Narrow-elongate forms of S. secret us are never found in high order streams, 
that is, larger streams and rivers. 
Stream order per se cannot influence the expression of larval shape 
but. rather reflects the influence that various factors associated with 
streams of different may have. Abell (1961) suggests that stream 
order, as well as some of the other physiographic concepts of 
, enable biologists t.o describe stream syst.ems accurately and 
consistently. Hynes (1970) also notes that the concept. of stream order 
may be of considerable value in biological studies as a useful method of 
stream classification. 
Climatic Factors 
The west-east trend in larval shield , noted above, may well be 
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a result of the marked west-east variation of climate, and especially 
rainfall, that exists in Tasmania as a result of the combined effect 
of the prevailing westerly winds and the mountainous terrain of the 
western half of the State (Bureau of Meteorology, 1979). Because 
of the topography there is a strong gradation of rainfall from west to 
east, illustrated in Figure 5.8, with a distinct rain shadow east of the 
Central Plateau. Rainfall and rainfall variability are strongly neg-
atively correlated (Table 5.20) and the rainfall on the east coast of 
Tasmania is more than twice as variable as that on the west (Watson 
and Wylie, 1972). 
Daytime temperatures in the west of Tasmania are generally lower 
than those in the east due to greater cloud cover over the western half 
as a result of persistent westerlies. Temperatures in the east are 
further increased by the F5hn effect which warms and dries westerly 
airstreams as they descend to the Midlands, the east coast and south 
east districts (Bu~eau of Meteorology, 1979). 
The first canonical axis only is correlated with both rainfall 
(r = 0.63) and rainfall variability (r = -0.55) (Table 5.2). The 
relationships between rainfall distribution and the distribution of groups 
according to shape, in the canonical variate analysis, is presented vis-
ually in Figure 5.13 and Plates 5.1 and 5.2. Maximum correlation between 
rainfall distribution and the shape of larvae appears to occur along an 
axis at 45° to the first canonical axis. 
Although there are some exceptions, larvae of s. secretus with wide, 
almost circular shields occur in the highest rainfall region (>2000 mm 
per annum), larvae with moderately wide shields occur in all three rain-
fall regions but predominate in the intermediate zone (1000-2000 mm per 
annum) while larvae with narrow elongate shields occur in the lowest 
rainfall region (<1000 mm per annum). The greatest variations in shape 
between populations occurs between groups of S. secretus in the high 
5.13 
0 
-1 
-2 
-3 
0 
-2 
-3 
-2 -1 0 
... \ .......... . 
§.secretys 
S.aguaticus o 
§Jacustr!§.. o 
Rainfa.ll in lml per annum 
>2000 ll1m 
1000-2000 mm 
~ <1000 nun 
FIRST CANONICAL VARIATE 
Substrate 
Quartzite 
Alluvials 
1111 II I Dolerite 
+1 t-2 +3 +4 
FIRST CANONICAL VARIATE 
(5.13) The relationship between rainfall regimes 
and larval shape and; (5.14) the relationship between 
substrate and larval shape. In both cases larval 
shape is represented by the distribution of groups 
in the canonical variate analysis on the total data 
set (41 groups) using five variables (Figure 5.8a). 
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rainfall regions. 'rhis is most illustrated in Plate 5.1. 
S. aquaticus occurs ooth the low ( < 1000 nun per annum) and inter-
mediate (1000~2000 per annum) rainfall regions. 
Rainfall and rainfall variability do not influence the expression 
of larval shape , but rather, indirectly as a result of their 
effect on other stream including depth and velocity. Both 
the amount of rainfall and its frequency over the year will affect depth 
and mean veloci·ties (and as a consequence, stream 
.markedly in first order streams than higher order streams. 
more 
No correlations were obtained between the canonical variate axes 
and temperature 
possible that the 
5.20); however, a.s noted in Section 5.6, it is 
data used here do not reflect the 
experienced by larvae. Comparison of Figures~), 6 
and 5.7, the graphs of weekly temperature maxima and minima in Lambert 
Creek and Browns River, two localities included in the , reveals 
the differences in both absolute temperature and t.he temperature range 
that can occur between high altitude and low altitude groups included in 
the analysis. 'I'hese sit.es high and low altitude populat.ions 
on the slopes of Mt. WEllli.ngton in the south-east of Tasmania. All high 
altitude groups from this region are clustered around the on the 
c:anonical axis whil.El the low altitude groups from the same 3Xe 
further across th<~ positive :r:egion of t:his same axis (E'.i.gure 5. Sa). 
Once again it is not altitude per se, but rather altitude-linked 
environmental factors such as temperature or water velocity, that may be 
influencing the expression of larval shapes. These results suggest 
that some factor (or factors) in the environment of high altitude streams 
is constant, producing larvae of similar shape, regardless of geographical 
location; however, the same constancy of was not seen between pop-
ul.ations in lowland streams possibly because that factor is more variable 
in lowland streams or other factors are also acting to influence the 
of larval 
Substratum 
The two-way contingency tests applied to the three canonical var-
iate axes and the t.hree categories of substrate (Table 5. 21) reveal 
significant re 
second canonical axes. 
between substra'tt~ and both the first and 
That is, a relationship exists be·tween the 
substrate and the occurrence of different larval shapes as indicated 
the position of groups on the first and second axes. 
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'I'he relationship between the different substrates and the distrib-· 
ution of groups in the canonical variate s is presented 
in Figure 5.14 and, with rainfall, in Plate 5.2. 
of Figures 5.13 and 5.14 reveals that the between substrate 
and larval shape is very similar to that between rainfall and larval 
and it is therefore difficult to the effects of either 
factor 
A west-east trend is aga.in present because the quartzitic localities 
are most common in t~he west of Tasmania and doleritic localities in the 
east. Maximum association of substratum with larval shape appears t.o 
occur along an axis orientated at 4S 0 to the first axis. 
The widest, almost circular forms of S. secretus occur on quartzite. 
Larvae of moderately wide, tapered form occur on all three substrates 
while, with two (Lake Pedder and the Little Donaldson River 
tributary) 1 the narrowest larvae occur on dolerite. 
occurs only on dolerite. 
S. aquati cus 
'I'he classification of subst:ratum into ·three categories denoting 
rock type is, however, probably far too crude a parameter t.o reveal the 
true nature of the effect of the substrat.um on larval shape. Data on 
both the size and of rocks on the stream bed (bed 
and the surface roughness of the different rock types are now 
Three Dimensional Rainfall and Substrate 
Pla·tes 5 .1 and 5. 2 show the three dimensional qraphs constructed 
for both the canonical variate analysis performed on the tot:al data 
set of 41 groups (34 groups of s. secretus, six of S. aquaticus and 
one of S. Jacustris) and t.he analysis performed on the 34 groups of 
s. secretus alone. 
As stated in Section 5.6 the three , y and z) 
the three canonical axes (first:, second and third, ively) and 
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the beads on the end of each rod donate the mean position of a group as 
determined by larval Diffe:r:ent colour beads were used to denote 
both the rainfall regime of each group (locality) (Plates 5.1 and 5.2) 
and the substratum 5 .1) • 
For simplicity three rainfall regimes were designated; localities 
2000 mm per year, or more, were by blue beads, 
1000-2000 mm per year by green beads, and less than 1000 mm per year, 
by orange beads. In Plate 5.1 the lower be ads denote rainfall while 
the upper beads denote substratum. Quartzite was represented by blue 
beads, dolerite by orange beads and alluvials , mudstones 
and by yellow beads. The six rods marked with pink beads, mid-
way, denote groups of s. In Plate 5.2 the beads denoting 
rainfall, only, are used and all groups are S. sec.retus. 
Three dimensional enable the distances between groups, as 
determined by the canonical variate analysis to be seen at once, ra·ther 
than estimated from a consideration of their on axes, taken 
in pairs, as given in 5.8 and 5.10. For both plates the graphs 
have been photographed from t.he orientation which 
of groups, in this case, a diagonal one. 
view plots easily, in different orientations,is an 
the clearest 
The ability to 
of the 
three-dimentional graph. A disadvantage is ·the visual accentuation 
PLATE 5.1 
PLATE 5.2 
Three dimensional graph of the canonical variate analysis 
on the total data set of 41 groups showing the relation-
between rainfall, substrate and larval shape (indic-
ated by the relative positions of groups in the analysis). 
Each group is represented by the upper most bead on each 
rod. The t:hree canonical axes (1, 2 and 3) are in t:he 
t.hree planes (x, y and z) • The colours of the upper beads 
denote substrates; quartzite (blue), alluvials (y.;:;llow) 
and dolerite (orange) • 'l'he colours of the lower beads 
denote rainfall regimes; >2000 mrn per annum ) , 1000-
2000 nun per annum (green) and <1000 mm per annum 
Groups of S. aquaticus a.re mar.ked with beads midway 
along rods. 
Three dimensional graph of the canonical variate analysis 
on the S. secretus data set (34 groups) showing the relat-
ionship between rainfall and larval shape (indicated by 
the relative positions of groups in the analysis) . Each 
group is represented by a bead. The three canonical axes 
are in the three planes x, y and z. The colours of the 
beads denote rainfall regimes as described for the lower 
beads in Plate 5.1 (see above). 

of the axis in the vertical plane. In this case the vertic.:d. plane 
represents the third canonical axis which accounted fo:r: t:hE) least 
amount of variation (16. 9 1~) • 
1'he attempt to show the relationship between the po~3i. tion of 
groups and two environmental factors, rainfall and substrat.e, as shown 
in Plate 5.1, is probably too confusing for easy analysis. However, 
where the represent:ation of environmental factors is restricted ·to one 
factor only, for example, rainfall, as given in Plate 5. 2, a clearer 
pattern of relationship between that factor and the pos.i:tion of groups 
emerges. The relationship between larval shape (as indica.t.ed by t.he 
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pat. tern of groups in the canonical variate analysis) and rainfall, illus-
trated in Plate 5. 2, has been discussed more fully in t:he sect.i.on on 
rainfall above, 
.Mean Water Velocities 
Mean water velocities for some localities included in the canonical 
variate analysis are given in Table 5. 22. As noted earlier, mean vel-
oci.ties could only be calculat:ed where the depth, wid·th and slope of a 
stream were known. Examination of '!'able 5. 22 reveals that larvae of 
S. secret us wi.·th the narrowest 1 most elongat:e shields occur in streams 
with low mean velocities (at least for the greater part of each year) . 
All other forms of s. sec::retus from the moderately wide to very wide 
almost circular forms occur in streams of faster mean velocities. 
s. aquaticus occurs only in streams and rivers of fairly high mean vel-
ocities. 
These~ results agree with the correlations obtained with s·tream order. 
Ledger (1981) is the most recent of a numbE~r of researchers including 
Hynes (1970) and Leopold et a.l. (1964) who sugges·t that., contrary to 
popular belief among biologists, the velocity of flow in streams tends 
to increase rather than decrease in a downstream direction. He dernon-
strated that for mos·t flow levels in the River 'l'weed and its tributaries, 
TABLE 5.22 Mean water velocities in some localities (groups) 
included in the final analysis of shape differences 
in Tasmanian larval Sclerocyphon. 
Number 
1 
2 
3 
7 
8 
9 
10 
11 
13 
21 
24 
25 
28 
33 
35 
36 
37 
38 
40 
Stream parameters: s = slope, d = depth, w = width, 
R =hydraulic mean radius, v =mean velocity. 
Locality 
Lambert Creek 
Waterworks Creek 
Ben Lomond Creek 
Valley Creek 
Township Creek 
Bird River 
Cataract Creek 
Parsons Bay Creek 
Browns River 
Myrtle Forest 
Creek 
Creek near 
Gordon Dam 
Tyndall Ranges 
Creek 
Dee River 
Hytten Hall Creek 
Sorell Creek 
Black River 
Emu River 
West Swan River 
Liffey River 
s 
0.001 
0.05 
0.05 
0.05 
0.01 
0.015 
0.01 
0.001 
0.05 
0.05 
0.05 
0.2 
0.001 
0.001 
0.02 
0.02 
0.015 
0.015 
0.01 
d 
(m) 
0.1 
0.15 
0.2 
0.3 
0.4 
1.0 
0.4 
0.5 
0.15 
0.3 
0.1 
0.4 
0.2 
0.2 
0.6 
1.1 
0.7 
1.0 
1.0 
w 
(m) 
0.3 
0.5 
0.8 
0.8 
3.0 
4.0 
3.0 
2.0 
0.5 
0.8 
0.5 
0.9 
1.0 
0.5 
3.0 
2.0 
4.0 
4.0 
5.0 
R 
(m) 
0.049 
0.064 
0.089 
0.120 
0.193 
0.447 
0.193 
0.223 
0.064 
0.120 
0.018 
0.149 
0.09 
0.078 
0.266 
0.50 
0.33 
0.447 
0.467 
v 
-1 (em s ) 
19.8 
119 
144 
181 
115 
182 
115 
36.8 
119 
186 
51 
132 
21.6 
19.2 
195 
296 
194 
182 
200 
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in Scotland, the highest velocities occurred at the lower, flatter 
end of the river system. As a corollary of this it may be said that 
streams of high stream order are likely to experience higher velocities 
than those of low stream order. 
5.8 Discussion 
The results of this study (Section 5.7) indicate that both the use 
of multiple measurements to describe the shape of larval Sclerocyphon 
and the use of canonical variate analysis are appropriate methods to 
reveal the differences, or similarities, in larval shape exhibited by 
populations in Tasmanian streams and rivers. The results of the canon-
ical variate analysis indicate that larval shape ins. secretus, the 
most common and widely spread species in Tasmania and the one studied 
in most detail here, varies from wide, almost circular forms to narrow 
tapered elongate forms, as illustrated in Figure 5.15a, b, c and d. 
This variation in.shape appears to be continuous in nature and a west-
east trend is present with the widest, almost circular forms generally 
occurring in the western regio.n of Tasmania, while the narrowest, most 
elongate forms occur in the east. 
s. aquaticus appears to be less variable in shape than s. secretus 
and usually exhibits a wide, almost circular larval shield, as illus-
trated in Figure 5.15c. As S. aquaticus occurs only in larger streams 
and rivers and ondoleritic substrates it is possible that the lower var-
iability in larval shape between populations is a result of a more res-
tricted range of distribution than that of s. secretus. The fact that 
fewer groups of S. aquaticus (6) than s. secretus (34) were included in 
the analysis may also have influenced this result. 
Figure 5. 8 and 'I' able 5.12 indicate that the groups of S. aquaticus 
resemble each other more closely than they do most groups of S. secretus. 
The exceptions to this are groups 36 and 40 of S. aquaticus which are 
§Jacustris 
FIGURE 5.15 Larval shield shapes exhibited by s. secretus (a, b~ c and d), s. aquaticus (e) and 
s. lacustris (f) as determined from the of larval conducted on the 
total data set of 41 groups comprising 34 groups of s. secretus, six groups of 
s. aquaticus and one group of s. lacustris. 
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indistinguishable in shape from groups 8 and 4, respectively, of 
S. secretus. The reasons for this convergence of larval shape between 
the two species are not clear; however, this occurrence suggests that 
environmental factors may have some influence on the expression of 
larval shape. 
As only one group of s. lacustris was included in this study, few 
conclusions can be made on the nature of shape variation in this species. 
Larvae of s. lacustris are usually moderately wide and tapered as illus-
trated in Figure 5.15f. Although the one group of S. lacustr.is (41) 
in the analysis does differ significantly in shape from all other groups 
(Table 5 .12), Figure 5.8 reveals that it falls within the range of 
variation of S. secretus. 
Canonical variate analysis has provided answers, in part, to both 
the first and second questions posed in the Introduction (Section 5.1). 
While the range of larval shapes that exists within s. secretus is well-
defined, a greater· number of groups of S. aquaticus and s. lacustris 
must be included in the analysis before the range of variation within 
the latter two species will be clearly known. Figure 5.15 illustrates 
the differences in shape evident between larvae of S. secretus, s. aquaticus 
and S. lacustris although this may have to be altered when further in-
formation on the latter two species is obtained. 
It must also be noted at this point (and has already been noted in 
the Introduction, Section 5.1) that field observations indicate that 
larval shape within s. aquaticus and s. lacustris appears to be far less 
variable than in s. secretus. Therefore the emphasis upon s. secretus 
in this study was not without some justification, apart from the fact 
that a larger number of samples of s. secretus were present in the tax-
onomic collection. 
The influence that environmental factors may have on the expression 
of larval shape (the third question posed in the Introduction, Section 5.1), 
has also l~en elucidated, in , for S. secn~tus and t_o a lesser 
e:x:t(')nt, S. CllS, in thiS The west--east trend :Ln larvo.l 
shape of S. secret us has already been noted above; however, as s.everal 
environmental factors (rainfall, rainfall variabi , temperature and 
substrate) co-vary along the same west-east gradient, it is difficult 
to isolate the effects of a single factor. 
•rhe shape of larvae of S. secret us has been related to stream ord<u·, 
rainfall and rainfall variability, substrate, altitude and stream vel-
ocit~y (Section 5. 7) . 'l'he wides·t larvae of S. secretus occur 
in streams of high order {larger streams and rivers) in of high 
and consistent rainfall, a·t 
and in faster flowing streams. 
al·t:i.tudes, on quartzitic substrates 
The narrowest forms usually occur in 
streams of low order (small streams), in regions of lower and more var-
iable rainfall, on dolerite substrates and in slower flowing streams. 
The three groups tha.t are exceptions to these s·tatements (the three 
outliers in 5 .10); the Meredith River (29) on t:he east coast (with 
wide larvae), the tributary of the Little Donaldson River (6) in the 
nQrth-west (with narrow larvae) and Lake Pedder {30) in t.he south~west 
(with narrow larvae) all need further study as it is these to 
the rule that may provide the most information on the effects of environ·" 
mental factors on the expression of larval 
As already noted .it: is not factors such as stream order, rainfall, 
rainfall variability and altitude that influence the expression of 
larval shape directly but rather ·these reflect the effect of fact:ors 
of more immediate concern to larvae; in part:icular, water velocities and 
t.emperatm:·es. The possible effects of temperature on the expression of 
larval will not be discusst"d here as this factor was not invest 
ated sufficiently in this study. However, some comments on ·the effect 
of water velocities on the expression of larval shape can be made. 
'I'he occurrence of the narrowest, most elongate larval forms of 
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S. sE?cretus in the slowest mean velocities dm~s, in fact, 
something of a as these larvae appear to be the fo:t·m most 
suited to life in high velocity flows. Drag forces upon a submercJed 
object depend, in part 1 upon the maximum cross-sect: ional. area of the 
object across the direction of flow. As larvae never exceed 2 .. 2 mm 
in height (Chapter 6) the narrow elongate forms must experience lower 
drag forces than wide forms when larvae are orientated in the direction 
of flow. •rhe latter forms must then be in danger t:han the 
former of being swept off the substrate in high energy flows. 
Similar have been observed in other aquatic benthic 
invertebrates. StarmUhlner (1953) found that the common Lim-
, Ancylus fluviatilis, was taller in faster water than in slow although 
the snail, Limnaea pereger, was smaller and t.hicker in faster flow, 
Goodrich (1937 cited by Hynes, 1970) found that of the proso-
branch gastropod, Pleurocerca, in Alabama streams,became wider in relation 
to length in downstn'Jam sit.es. 
Three alternative explanat.ions for this apparent paradox concerning 
the shape of larvae of S. secret us can be proposed. Firstly, it is 
possible that no exists, the larval described here may 
represent the mos·t efficient forms j:or t:he various flow regimes, Dif·-
ferences in the separation characteristics (that is 1 the point at which 
of the J:xmnda:t:·y over the larva occurs) of the different 
shapes were not detected by t.he techniques used to investigat.E;; the hydro-
dynamics of larvae in this study (Chapter 6); however, this does not mean 
that: di. fferences do not exist. It is possible that wider larvae, by 
longer slots between the lateral laminae, may have a more 
efficient s·tructure for control of their boundary layer by suction 
(Chapter 6) and therefore experience lower dx·ag forc<~s. 
A s0~cond explanation may be that the shapes of larvae are det.G~.t:mined 
factors other than the direct physical effect of current. Stream-
lin.inq ,md t:hc associab~d mechanisms of boundary control (des-~ 
cribed in Chaptor 6) may ensure ·that all larvae liv<:' in a. low drag 
situation and further adaptations in the form of different shapes are 
not necessary. 
The wide, almost circular, lax.·val shield may the form 
achieved under optimal conditions for growth in an organism for which 
expansion in the vertical is restricted. Maximum accumulat.ion 
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of .l::ody tissue in the larval stage is advantageous as it enhances adult: 
fecundity. However, for larval Sc.lerocyplJon an increase in height: 
(presumably beyond 2, 2 mm) may well expose t.hem to high energy flow 
beyond the boundary layer region the stream bed and thus increase 
the risk of dislodgement from the substrate. Thus an increase in width, 
relative to total length, may well represent the most efficient means of 
increasing larval size overall. Narrow, elohga.te forms may therefore be 
a result of less than optimal conditions for growth. 
Larval growth may be influenced by stream temperatures, oxygen avail-
ability and a.bundance and type of food supply. Table 5.23 indicates 
that the time taken by larvae of S. secrettzs to utilise the dissolved 
oxygen in a volume of water equal to their body volume is very long; 
67.8, 116 and 512 hours at 25°C, l5°C and 5°C, respectively. ':Phis sug~ 
gests that S. secret us and possibly all Sclerocyphon larvae are not 
endent upon stream flow for their oxygen supply. The fact that larvae 
exhibit an active rather than passive mode of gill ventilation also sug-
an independence of stream flow for respira·tion. r.arvae can be 
kept alive in still waters at room temperature for several days and in 
aerated but still water for a year or more. 'l'hese results suggest that 
larval growth is probably not influenced by increased oxygen ava:i.labil:i.ty 
due t.o either increased water velocities, decreased water 
or a combination of both, As a consequence it is unlLkfJly that la:r.val 
shape would be influenced by these fact.ors i :E the argument, above, 
TABLE 5.23 Time taken by larvae of s. secretus to utilise the 
dissolved oxygen in a volume of water equal to their 
body volume, at 100% saturation, at three different 
temperatures. Rates of oxygen consumption of larvae 
of S. secretus, at three different temperatures, are 
taken from a previous study on Tasmanian Sclerocyphon 
by Davis (1975). 
Calculations 
100% saturation of dissolved oxygen = -1 12.80 mgL 
oxygen concentration = 12.8 L m- 3 
Rate of oxygen uptake 
10-6 L hr-l by larva (!:.002) = 1.6 X 
Volume of larva (VL) 6.4 10-s 3 = X m 
Time taken by a larva to use the oxygen in a volume equivalent to 
its body volume at 5°C 
T = volume of dissolved oxygen 
uptake rate 
oxygen concentration x volume of larva 
uptake rate 
12.8 X 6.4 X 10-5 
1.6 X 10-6 
= 512 
:. At 5°C a larva of S. secretus takes 512 hours to use the oxygen 
present in a volume of water equivalent to its body volume. 
At 
100% saturation of dissolved oxygen 10.15 mgL-l 
10.15 L m- 3 oxygen concentration 
Rate of oxygen uptake 
by larva (!:.00 2) 
Volume of larva (VL) = 6.4 x 10-S m 3 
T 4 X 10-5 
= 116 
At 15°c a larva of s. secretus takes 116 hours to use the oxygen 
present in a volume of water equivalent to its body volume. 
TABLE 5.23 (continued) 
100% saturation of dissolved oxygen = 
oxygen concentration 
Rate of oxygen uptake 
by larva (t.Do2 ) 
Volume of larva (VL) 
T ::::: -5 8.38 X 6.4 X 10 
7.9 X 10 -6 
= 67 .. 8 
-1 8.38 mg L 
-3 8.38 L m 
7.9 X 10-6 L hr-l 
6.4 x 10-5 m 3 
At 25°C a larva of S. secretus takes 67.8 hours to use the 
oxygen present in a volume of water equivalent to its body volume. 
suggesting that the widest larval shields are an expression of maximum 
growth is t:rue . 
Differences in larval , however, may be a resul't of diet. 
Larvae feed on the attached algal flora of the substratum and Hynes 
(1970) states that many workers have found attached algae to be more 
abundant in fast waters. Therefore thc-:J occurrence of wider larval 
forms in faster waters may be a result of a more plentiful food supply. 
An abundant food supply,however, should also be reflected in larval 
numbers and field observations indicate that the populat . .ions 
of larvae occur in the slower flowing streams, in particular, I.ambert 
Creek and Hytten Hall Creek, where shapes were 
A third explanation is to suggest that narrower larvae are, in 
fact, adapted to faster currents but at ·the microhabitat: level 
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than the habit.at level, as described by mean stream velocity. Although 
the velocity of flow at any point. in a stream is inversely proportional 
to the logarithm of the depth, the nature of thE:} velocity gradient in 
the vicinity of the substrate depends upon the roughness of the rJed (Hynes, 
1970) • Both the height of rocks and the longitudinal 
them influence flow near the subst.rate. Smith (1975) describes and 
illust:rat.es (Figure 5, 16) the three different types of flow occurring 
over rough surfaces as a result of different longitudinal spacing first 
recognised by Morris (1955). Possibly larvae living in streams or 
rivers of fast mean velocities but with flow near the substrate approx·· 
imating any one of the three types illustrated in .B'igure 5.16 are able 
to fulfil all their food requirements by grazing within "shelt:ered regions". 
If they never have to move out int.o the high energy flows over the upper 
surfaces and leading edges, wide larval shields would not be a disadvantage1 
hydrodynamically, and they would be advantageous as noted earlier in that 
they represent an increase in size without an increase in height. 
In shallow streams or rivers flowing over rocky beds (such as Lambert 
and Hytten Hall Creeks), rocks may act as irregularly shaped weirs, rather 
_L 
6' 
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b 
c 
FIGURE 5.16 Morris's (1955) classification of roughness types; 
(a) isolated roughness (intermediate energy loss) (b) 
quasi-smooth flow (low energy loss) and (c) wake inter-
ference flow (high energy loss) . After Smith (1975) . 
heoghl of rough,_, 
; '") ...... , ___L 
_I_ 
..; 
6 
I 'p 
,- ,~ 
b 
FIGURE 5.17 'l'wo types o:E surface roughness; (a) smooth turbulent 
and (b) rough turbulent. Type (a) may represent ·the 
:flow situa·tion over quartzite in streams in western 
'I'asmania and type (b) may represent the flow situation 
over dolerite in s·treams in south eastern Tasmania. 
After Smith (1975). 
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than roughness projections (SmH~h, 1975), rE:lSUlt.ing in local of hiqh 
velocity close to the substrate. Larvae livin9 in such streams may be fo:n:;ed 
to move across thesE?. high velocity regions to obtain food and a narrow 
elongate shield of minimum drag may be necessary for survival. 
'rhe occurrence of very narrow forms of 8. secretus on doleritic 
substrat.es and very wide fo:r:ms on quartzite may be explained in terms 
of actual surface roughness rather than bed roughness. Dolerite under·· 
goes both physical and chemical weathering and is far rougher than 
H~e:1 which undergoes physical weathering only. Possibly the hard pol-
ished surfaces of quartzite result in smooth turbulent flow near the 
subst.rate while rough turbulent flow exists over dolerite, as illustrated 
in Figure 5.17, after Smith (1975). As a consequence larvae on quartz·· 
ite are more likely to remain always within the shelter of the viscous 
sub-layer than larvae on dolerite and therefore narrow shields are more 
vital to the latter t:han the former 
5.9 Further Studies 
Murvosh {1971) , in an autecological study of the North American 
water penny, Psepllenus herri cki, fcmnd t;hat dispersion of larvae from 
one particular habitat or stream to another was extremely rare. Field 
observations indicate that larvae of Sclerocyphon, similarly, remain 
wi·thin a fairly small :~:·egion of a stream or river throughout their lif<::. 
Therefore, it is conditions within the habitat, at the level of the 
micx·ohabitat, that are likely to have the most influence on larval shape. 
An investigation of flow conditions in the microhabitat of la.rvae 
is sorely needed. Direct velocity measurements in the region adjacent 
to the substra·te have previously been difficult. to obtain; however, 
recent developments in microflowmeters based on thermistor beads, and 
the <idvent of laser velocimeters, should soon make such measurements more 
feasible. Determinations of bed roughness and surface roughness are 
also needed. 
An accurate survey of the exact regions on stones occupied by 
larvae both within different habitats of the same stream and in dif-
ferent streams must also be conducted. 
further in Chapter 6, Section 6.7. 
Such a study is discussed 
Since this study (Chapter 5) has found evidence to indicate that. 
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environmental factors may influence the expression of larval shape, 
experimental work involving the rearing of larvae in the laboratory 
under different,controlled conditions, or within cages in streams dif-
ferent to that of their origin, is now needed to isolate the effects of 
gene action and the environment. 
CHAPTER SIX 
THE HYDRODYNAMICS OF PSEPHENID LARVAE 
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6.1 Introduction 
Even a cursory examination of psephenid larvae reveals that 
possess a number of highly specialised structural features which, as 
noted by several authors , 1970; Bayley and Williams, 197 4) , 
appear to be adaptations to life in the lotio environment. However, 
despite the distinctive form of psephenid larvae no study of their 
functional morphology appears to have been made. 
The aim of this was to apply t.he principles and practices of 
fluid mechanics (in icular, flow visualisation techniques) to an 
investiga·tion of both the flow conditions around larvae and their adap~ 
tations to these conditions. The morphology of the larvae of Sclero-
cyphon has been elucidated, in detail, in the taxonomic study (Chapt.er 
3) , it: now remains to determine the function of some of the structures 
described. As well, it is hoped to determine whether variation in the 
shape of the larval shield (as described in Chapter 5} confers any hydro-
dynamic advantages. 
Although much is now known about the hydrodynamics of free-swimming 
invertebrates, in particular, fish and marine mammals, considerably less 
is known about invertebrates, particularly benthic invertebrates. 
Wu et al. (1977} discuss both aquatic animal locomotion and flight. and 
Lighthill (1975) gives a detailed mathematical treatment of these topics. 
Both works, however, are predominantly concerned with vertebrates. 
Webb (1974) gives a comprehensive review of research on the hydrodynam-
ics of fish propulsion and Aleyev (1977) has examined the adaptati.Oll.S 
of a wide range of free-swimming animals, including fish, reptiles, 
birds and mammals, which he collectively terms "nekton". 
Nachtigall (1960) and Nachtigal! and Bilo (1965) describe the 
hydrodynamics of free-swimming aquatic invertebrates, in particular, 
those of the water beetles Acilius and Dytiscus. The hydrodynamics 
of free-swimming micro--organisms have been investigated by a number of 
researchers including Taylor (1951), Hancock (1953), Gray and Hancoclc 
(1955) , Brokaw (1970) , Keller and Rubinow (1976) , Garcia DeLa'l'orre and 
Bloomfield (1977) and Dresdner et al. (1980) . 
Studies of the hydrodynamics of benthic invertebrates, however, 
involves a completely different set of problems to those encountered 
when free-swimming animals are under investigation. Benthic inverte-
brates are affected by flow in the region immediately adjacent to the 
substrate, a region known as the boundary layer. The boundary layer 
concept was first introduced by Prandtl (1904 cited in Webb, 1.974) who 
suggested that flow around or over objects could be divided into two 
regions. The first region, the boundary layer, is that immediately 
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adjacent to the surface where the velocity gradient is steep; increasing 
from the zero velocity of the surface to that of the free stream velocity. 
Beyond the boundary layer is a second region, known as the outer flow, 
where the velocity distribution is fairly uniform. Boundary layer 
theory is presented, in considerable detail, by Prandtl and Tietjens 
(1934) , Schlichting (1960) , Levich (1962) and C.oldstein (1965) . 
Ambuhl (1959) describes one of the few practical studies made of 
the boundary layer associated with the substrates of rocky streams and 
discusses the implications of the conditions in this region for the 
invertebrates living there. Although a number of workers have described 
the apparent adaptations of benthic invertebrates to fast flowing waters 
(these are reviewed by Hynes, 1970) the application of fluid mechanics 
theory to the study of these invertebrates has been limited to very few 
studies, notably to those of Bournaud (1963) working on trichopteran 
larvae and Craig and Chance (1981) working on simuliid larvae. 
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Undoubtedly this paucity of information on the hydrodynamics 
of benthic invertebrates is partly due to the difficulties involved 
in measuring the flow around relatively small organisms living in a 
boundary layer region. Recent advances in instrumentation and, 
particularly, the advent of laser velocity meters may make future 
s·tudies much more feasible. 
Any discussion of the hydrodynamics of psephenid larvae must be 
based upon a knowledge of the fundamental concepts and principles of 
fluid motion. The aspects of fluid mechanics theory which are relevant 
to this study are outlined below. More detailed discussions of the 
theory of fluid mechanics are provided by a number of texts including 
Prandtl and Tietjens (1934), Schlichting (1960) and Shapiro (1961). 
Smith (1975) and Webb (1974) describe the application of fluid mechanics 
theory to biological studies and both works were consulted extensively 
during this study. 
(•/ 
E'low Patterns and ReynoldLi"s Numbers 
Three different patterns of flow may occur in moving fluids: 
laminar, turbulent and transitional. In laminar, or viscous, flow 
fluid particles move downstream in regular and smooth trajectories and 
may be considered to be moving in parallel layers; between which there 
is no significant mixing. In turbulent flow an overall downstream motion 
has an irregular and seemingly random motion superimposed upon it and 
there is considerable interchange of mass and momentum between different 
layers of flow. Transitional flow is partly laminar and partly turbulent. 
The occurrence of turbulent flow depends on the ratio of inertial 
forces to viscous forces and this ratio is known as the Reynold's number, 
R • 
e 
R = VLp (1) 
e ]..1 
where v velocity 
L characteristic length dimension 
p density 
]..1 :::: viscosity 
the quantities p and ]..1 can be written as£ and given the symbol y, 
]J 
called kinematic viscosity. 
sistent set of units is used. 
R is a dimensionless number if any con-
e 
Flow is usually considered to be laminar for R <500, transitional 
e 
for values of R between 500 and 2000 and completely turbulent for 
e 
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R >2000 (Smith, 1975). 
e 
Stream flow is almost always turbulent, (Ambuhl, 
1959; Hynes, 1970i Smith, 1975), as a result of not only stream velocities 
but also the roughness of the stream bed. 
As well as predicting flow conditions Reynold's numbers also pre-
diet required conditions for mechanically similar flow around geometric-
ally similar objects (Webb, 1975) , and are thus of great utility in mod-
ell.ing flows. 
Boundary Layers 
The boundary layer is a region of flow past a surface, or across 
an object., where the fluid velocity increases from zero (at the surface) 
to its full value, which corresponds to external frictionless flow 
(Schlichting, 1960). The boundary layer is, therefore, a very thin 
region immediately adjacent to a solid surface, where frictional forces 
retard the motion of the fluid. In high Reynold's number situations, 
the influence of viscosity is restricted to this boundary layer region. 
The thickness of the boundary layer, o, may be defined as that 
distance from the bed where the velocity differs by more ·than 1% from 
the external or free stream velocity (Schlichting, 1960). Another 
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quantity, displacement thickness c;* is sometimes used and this indicates 
the distance which the external streamlines are displaced owing to 
the formation of the boundary layer (Schlichting, 1960). 
For laminar flow in the boundary layer on a flat plate of length, 
9,, and with free stream velocity, V, 
"" 5 
v9-
v 
or the relative boundary layer thickness, 
(2) 
(3} 
where R.R, denotes the Reynolds number related to the length of the plate, 
9, (Schlichting, 1960}. 
However, within a boundary layer flow may be laminar, transit.ional 
or turbulent. The thickness of a turbulent boundary layer is larger 
than that of a laminar boundary layer owing to greater energy losses in 
the former. For a turbulent boundary layer the relative boundary layer 
thickness, 
( 4) 
The thickness of the turbulent boundary layer is larger than that of 
the laminar boundary layer owing to greater energy losses in the former. 
In rivers and streams the boundary layer at the surface of the 
substrate is usually turbulent, however, within this turbulent boundary 
layer there also exists a thin layer of fluid immediately adjacent to 
the substrate where flow is entirely laminar. This region is known as 
the laminar, or viscous, sublayer. The thickness of the laminar sub-
1 
layer o is usually taken as, 
(5) 
where V is the friction or shear velocity at ·the subs·t:rate. 
F 
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(6) 
p 
where is ·the shear stress on the bed and p is the density. 
The friction velocity and hence the shear stress on the bed can 
be calculated if the way in which velocity changes with depth, 
i.e., the :He, .is known. If the 
ted with the drawn on a loga:d t:hmic scale, then thE! 
is a line and the value of the friction 
be found from the of the line (Smith, 1975). 
For rivers and st:reams where the flow is due to the 
wa.ter surface alone, that l' ,, 
"'' 
due to the the fr ict.ion 
VF can be calculated froro the relation 
(7) 
where g acceleration due t.o gravity 
D total depth of wate:r 
s of the water surface 
is 
can 
on the 
'I'he roughness of the substrate will also have an effect on t.he 
near the s1.:1bstra:te. Smith (1975) an 
the friction , VF to the mean , V, und~~r rough 
conditions 
v 
vl;> 
D 
5.75 log (8) 
where D 
hf~ight of roughness projections. 
v 
'l'hus the ratio is dependent only on the ratio of water depth to the 
VF 
size of the projectionso Smith (1975) that: tiH:! value 
D 
of 
r p 
may range from less than 5 for a shallow stream flowing ove.r a 
bed to more t:han 5000 for flow over a fine clay sediment, 
v Smith (1975) using an average ratio of 
VI" 
20 and the expression 
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l 
above (5) for the thickness of the laminar subla.yer, o , calculated 
the approximate thicknesses of the sublayer for a representative range 
of mean velocities. These values are given in Table 6.1 (after Smith, 
197 5) • 
TABLE 6.1 The thickness of the laminar sublayer, in streams, at 
different mean velocities and a water temperature of 15°C, 
after Smith (1975) (y.:::::: 0.011 mm2s-l}. 
Mean velocity, v Thickness of the laminar sublayer, 01 
(em s-1) (rom) 
1 27 
5 5.4 
10 2.7 
50 0.54 
100 0.27 
Boundary Layer Separation 
Decelerated fluid particles in the boundary layer do not always 
remain in a thin layer adhering to the surface of an object. In some 
casesthe boundary layer thickness increases considerably in the down-
stream direction and the flow in the boundary layer becomes reversed. 
This causes the decelerated particles to be forced outwards and thus 
results in the boundary layer being separated from the substrate. This 
phenomenon is known as boundary layer separation (Schlichting, 1960). 
Such separation is always associated with the formation of vortices and 
with high energy losses in the wake of the body. 
Separation is most likely to occur around "blunt" objects where 
the downstream surface curves sharply away from the flow. A region of 
strongly decelerated flow then exists behind such objects. This is 
often seen in streams where stones act as bluff bodies with regions of 
slow flow occurring on the downstream side. The occurrence of such 
regions in streams was clearly illustrated by Ambuhl (1959) using 
an optical method of flow visualisation and measurement. 
It is not only the boundarly layer associated with the stones 
and pebbles of the stream bed that is of interest here but also the 
boundary layer existing around the psephenid larva itself. If sep-
aration occurs too early within the larva's own boundary layer then 
the resulting reverse eddy formed may be strong enough to dislodge 
the larva from the substrate. 
'I'he Origin of Drag in Fluid Flow 
Three types of drag forces may be encountered by a submerged 
object; friction drag, form or pressure drag and induced drag. 
Frictional drag depends upon the friction between the flow and 
the surface of an object and the magnitude of frictional drag depends 
upon whether the boundary layer is laminar or turbulent, as frictional 
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drag increases steeply during boundary layer transition. The magnitude 
of frictional drag therefore depends on both the character (roughness) 
and area of the body surface. 
Pressure drag depends on the difference between the dynamic pres-
sure at the front and the rear of an object. The basic cause of pres-
sure drag is the formation of vortices in the wake and the magnitude of 
pressure drag is determined primarily by the shape of the object (larva) . 
Induced drag is significant where there is hydrodynamic lift. 
As lift does not occur with psephenid larva (because water does not 
travel under the anterior section of the dorsal shield) induced drag 
will not be considered here. 
The magnitude of the drag forces experienced by a submerged object 
are expressed in the form of a dimensionless drag coefficient, CD, 
(Aleyev, 1977) • 
= 
where Df 
A 
(9) 
drag force 
maximum cross-sectional area or the 
wettable surface area, 
p density 
v = speed of movement of the object, or of 
fluid flow past it. 
The drag coefficient may also be regarded as the ratio of actual 
measured drag to hypothetical drag (Smith, 1975). 
The drag force, Df' as defined in the equation above (9), is 
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the total drag due to both friction drag on the surface of the body and 
the pressure drag due to the disturbance of flow around the body. 
cf . . + c r1ct1on pressure (10) 
Considering the case of a flat plate at zero angle of incidence to the 
flow the frictional drag coefficient is related to both R and the 
e 
boundary layer flow conditions (Blasius, 1908, referred to in Webb, 1974). 
For a laminar boundary layer, 
-o s 
cf . . == 1.33 R • r1ct1on e (ll) 
for a turbulent boundary layer, 
cf . . 0.072 R 
-0.2 
= 
r1ct1on e (12) 
and for a transitional boundary layer 
-0 2 1700 -1 cf . . = 0.072 R • - R r1ct1on e e (13) 
From equations (ll) and (12) it can be seen that the frictional com-
ponent of the drag coefficient will be lower in laminar flow than 
turbulent flow at high Reynolds numbers. 
The pressure drag coefficient of a flat plate normal to the 
incident flow is relatively independent of R and shape as the drag 
e 
arises almost entirely from pressure forces. Then, CT = 1.0-1.3 
(Webb, 1974) • 
For streamlined bodies the pressure drag coefficient, C pressure 
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is calculated as a fraction of the friction drag coefficient and relates 
the increase in drag due to form to the ratio of length to width of 
the object. 
.a 
C "' Cf [ 1+1. 5 (-Ld) 2 + 7 (::!L) 3] pressure (14) 
where L = length of the body 
d = maximum diameter of the body (Webb, 1974). 
The theories and concepts of fluid mechanics described above 
provided the background for the investigation of the hydrodynamics of 
larval Psephenidae (in particular, the larval Sclerocyphon) and indic-
ated the directions which such a study should take. Obviously Reynolds 
numbers, rather than velocities, are important for describing stream 
flow while the height of the laminar sublayer is an important indicator 
of the flow conditions in the immediate vicinity of larvae. A knowledge 
of the drag forces (friction drag and pressure drag) that may affect 
larvae is necessary before the ways in which larvae cope with such forces 
can be determined. The calculation of drag forces (and drag coefficients) 
on larvae, however, was not attempted in this study. 
6.3 Materials and Methods 
Flow Tank 
All experimental investigations of the flow patterns occurring 
around larval Sclerocyphon were carried out in a small, recirculating 
flow tank. The tank, illustrated in Plate 6.1 and Figure 6.1 was of 
a simple design, similar to that described by Vogel and LaBarbera (1978). 
The working area of the tank was a rectangular channel of clear 
PLATE 6.1 Small recirculating flow tank used for experimental 
investigation of the hydrodynamics of larval Sclero-
cyphon. After Vogel and La Barbera (1978). 
DC motor 
Lab pack Clear perspex working channel 
DC 
1 
10 ern 
l 
Propeller 
Opaque PVC pipe 
I 10 c~ 
-------- 100 ern -------• 
8.5 ern 
• 
Bench Top Outlet hose (to sink) 
........ 
FIGURE 6.1 Diagram of the recirculating flow tank shown in 
Plate 6.1. A = upstream collimator of plastic 
drinking straws in 2 ern sections glued together. 
B = downstream collimator of plastic grid and 
flywire mesh. 
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perspex. Its dimensions (100 x 10 x 10 ems) were in accord with 
Vogel and LaBarbera's (1978) recommendation that, for smoothest flow, 
the depth and width of water should be similar and the length to width 
ratio approximately 10. The return channel was a circular pipe of 
PVC, 8.5 ems in diameter. 
Water was circulated around the tank by a small plastic propeller, 
just smaller than the diameter of the return pipe (8.5 ems), powered 
by a small fractional horsepower DC motor connected to a variable DC 
power pack. A range of water velocities -1 (0-30 em .s ) could be obtained 
simply by varying the output from the powerpack over a range of 0-25 
volts. 
The use of a rotating propeller to push water results in both 
axial and circular flow components, however Vogel and LaBarbera (1978) 
suggested that the circular component of flow could be minimized by the 
use of collimators. Removable upstream and downstream collimators 
were used. The.upstream collimator consisted of an array of drinking 
straws fixed with silicon sealant in a removable plastic frame. The 
downstream collimator consisted of plastic grid, 15 mm in diameter, 
(normally used in fluorescent light fixtures - and often termed "egg 
crate") covered with plastic fly wire mesh. This also acted as a 
screen to catch any larvae dislodged from the substrate. At low vel-
ocities (<20 em s1 ) the screen acts to reduce turbulence but at higher 
speeds its effect is to increase turbulence (Vogel and LaBarbera, 1978) • 
An additional collimator of "egg crate" was placed just upstream of the 
propeller to further aid the propulsion of water around the tank. 
Water velocities were measured, at a point just below the surface, 
by recording the time taken by a small plastic float weighted with a 
glass rod to travel 60 centimetres along the working channel. At very 
low velocities (5 em s1 or less) laminar conditions existed close to 
the substra·te (Plate 6. 2) • At higher velocities (>20 em s1) fully 
developed turbulence was present throughout the tank (Plate 6.3). 
PLATE 6.2 Dye trails in flow tank with low water velocity (5 cms-1 ) 
showing the presence of a laminar or viscous sublayer (1) 
immediately adjacent to the substrate (2). Turbulence is 
present above this sublayer (3) • The arrow indicates the 
direction of flow. 
PLATE 6.3 Dye trails in flow tank with higher water velocity (20 cms-1). 
The viscous sublayer is very reduced and fully developed 
turbulence (1) occurs close to the substrate (2). The arrow 
indicates the direction of flow. 
The maximum velocity recorded in the tank was 60 em s1 • 
As flow phenomena around submerged objects may be extremely 
complex all experiments were carried out on the simplest available 
substrate, a flat perspex plate. As live larvae could not attach 
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to smooth perspex a slightly roughened surface was created by glueing 
fine sand onto the perspex base plate. The surface of the plate, 
however, could still be considered hydrodynamically "smooth". 
Flow patterns around larval Sclerocyphon were observed by 
placing live last instar larvae of S. secretus (from a number of loc-
alities), S. aquaticus (from Sorell Creek) and S. lacustris (from Lake 
Sorell) onto the base plate described above. Flow patterns were also 
observed around dead larvae, which had been glued onto glass slides 
and placed on the bottom of the working channel. Examination of the 
ventral surface of live larvae was carried out by placing larvae onto 
small transparent plates which had been roughened locally to permit 
attachment. 
Flow Visualisation 
A very simple method of flow visualisation was found to be the 
most successful. A hypodermic syringe was used to inject dye solu·tion 
into the water at various points upstream of the larva. A number of 
different dyes including various blue and black writing inks, Indian 
ink, food colouring agents and milk were used. Indian ink and coch-
ineal (a red food colouring agent) gave the clearest results. 
Results of flow visualisation experiments were recorded photo-
graphically with a Petri (model FTEE) and 35 mm extension tube using 
black and white Ilford HPS film at 400 ASA. 
Thermistor-Based Microflowmeter 
The water velocities recorded by timing a weighted float over 
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a set distance were surface velocities, however it was the velocities in 
the immediate vicinity of the larva on the bed of the tank that were of 
most interest here. These velocities are not easily measured. 
Brunditt (1971) notes that studies of the effects of current on the 
benthos of freshwater and tidal streams have been considerably hampered 
by the lack of a device capable of measuring flow near the actual animals. 
Such a device must be both sensitive to lovl velocities and possess a 
sensing head smaller than the organism under study. 
Vogel (1976) designed an inexpensive hot bead thermistor flowmeter which 
appears to fulfil these requirements. It has a spatial resolution of 
1 millimetre, a response time of 200 milliseconds and measures velocities 
-1 in the range 0. 2 to 50 em s • 
A hot bead thermistor flowmeter similar to that of LaBarbera and 
Vogel (1976} was constructed during this study. However, it proved to 
be unsatisfactory mainly because adequate temperature compensation could 
not be achieved. A 0.5°C change in water temperature resulted in a 
marked change in the flowmeter readings. Temperature fluctuations at 
this level could not be prevented and thus the flowmeter was not a 
satisfactory device for velocity measurement in this study. Inadequate 
temperature compensation appeared to be a result of the fact that therm-
istor beads identical to those used by LaBarbera and Vogel (1976} 
could not be obtained in Australia. An apparent mistake in ·the circuit 
diagram provided by LaBarbera and Vogel (1976) also prevented the 
exact reproduction of their design. 
The failure of the thermistor-based microflowmeter to produce 
reliable velocity measurements meant that velocity profiles in the vic-
inity of a larva, and the substrate, could not be obtained experimentally 
in this study. 
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Measurement of the Vertical Force Needed to Dislodge Larvae 
The force required to dislodge a larva, vertically, from the 
substrate was measured using a glass fibre stain gauge. The gauge 
was calibrated over a range of 0-5 grams and mounted on a microscope 
stage above the working channel of the flow tank. Fifteen centimetre 
lengths of cotton were glued, at one end, to the dorsal surface of 
live last instar larvae of Sclerocyphon and a small loop was left at 
the free end of the cotton. Larvae were removed briefly from the 
water and the dorsal surface dried with paper towelling before glue-
ing. 
In each trial the loop of the free end of the cotton was passed 
over the end of the strain gauge and the whole gauge was moved slowly 
upwards by the means of the winding mechanism on the microscope stage. 
The mass required to dislodge a larva was indicated by the maximum 
deflection of the glass fibre strain gauge. The experiment was con-
-1 ducted in still water and velocities of 15, 30 and 60 ems • 
6.4 Results 
Larval Height 
Graphs of height against total length for 150 larvae of S. sec-
retus and 75 larvae of S. aquaticus are given in Figures 6.2 and 6.3 
respectively. 
The height and length data were obtained as part of the multi-
variate study described in Chapter 5. Larval collection and measure-
ment techniques are described in Section 5.2 and heights and total 
lengths (as well as 7 other variables) were recorded for each of 15 
larvae of s. secretus in 10 different localities (listed in Table 5.1) 
and 15 larvae of S. aquaticus in five different localities (listed in 
Table 5.1). 
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FIGURES 6.2-6.3 Height against total length of: (6.2) larvae of 
s. secretus from ten Tasmanian localities, n == 1.50; 
(6.3) larvae of s. aquaticus from five Tasmanian 
localities, n = 75. 
238 
Initially graphs of height against total length were plotted 
for each locality individually. However, as few differences be-
tween localities could be detected all results were combined within 
each species. Where the same result was obtained for more than one 
larva only one point is marked on the graph. 
The graphs indicate that larval height increases with an 
increase in total length; however, last instar larvae never exceed 
a maximum height of 2.2 millimetres, in either species. No further 
analysis of these results was necessary in this study. 
Thickness of the Laminar Sublayer 
The approximate thickness of the laminar sublayer in a number 
of Tasmanian streams, is given in Table 6.2. The thickness of the 
laminar sublayer, 61 , was calculated using Smith's (1975) method where 
V I 
= 20 and 6 
vf 
= 11. -1 (y ~ 0.011 mm 2 s at l5°C) as described in 
Section 6.2. 
vf 
The mean velocities of streams listed in Table 6.2 had 
been calculated previously (Chapter 5, Section 5.7). 
From Table 6.2 it can be seen that the thickness of the laminar 
sublayer ranges from 1.4 millimetres in the slowest flowing stream, 
-1 Hytten Hall Creek, with a mean velocity of 19. 2 em s to only 0. 09 
millimetres in the fastest flowing river, Black River, with a mean 
-1 
velocity of 296 em s • 
These results must be regarded as approximations because several 
assumptions were made to enable their calculation. In the calculation 
of mean velocity, V, (Chapter 5, Section 5. ) a roughness coefficient 
of 0.03 was used for all streams whereas bed roughness was known to 
vary, to some extent, between different localities. Similarly where 
-V = 20 (above and Section 6.2) was used as a means of determining the 
v 
ffiction velocity it was assumed that the ratio of water depth to the 
size of roughness projections was equal to 20 in all cases but, once 
TABLE 6.2 The thickness of the laminar sublayer in some Tasmanian 
streams, at specified mean velocities and a water temp-
erature of 15°C, as calculated using Smith's (1975) 
method (described in Section 6.2) • Mean velocities were 
calculated previously (Chapter 5, Section 5.7), from the 
data listed in Table 5.22. 
Number 
1 
2 
3 
7 
8 
9 
10 
11 
13 
21 
24 
25 
28 
33 
35 
36 
37 
38 
40 
Locality 
Lambert Ck 
Waterworks Ck 
Ben Lomond Ck 
Valley Ck 
Township Ck 
Bird R. 
Cataract Ck 
Parsons Ck 
Browns R. 
Mean Velocity, 
v 
-1 (em s ) 
19.8 
119 
144 
181 
115 
182 
115 
36.8 
119 
Myrtle E'orest Ck 186 
Ck nr Gordon. Dam 51 
Tyndall Ra. Ck 132 
Dee R. 21.6 
Hytten Hall Ck 19.2 
Sorell Ck 195 
Black R. 296 
Emu R. 194 
West Swan R. 182 
Liffey R. 200 
Friction Velocity, Thickness of 
V f the laminar 
sublayer, 
a' -1 (em s ) 
0.99 
5.95 
7.20 
9.05 
5. 75 
9.10 
5.75 
1.84 
5.95 
9.30 
2.55 
6.60 
1.08 
0.96 
9.75 
14.80 
9.70 
9.10 
10.00 
(mm) 
1.30 
0.23 
0.19 
0.15 
0. 24 
0.15 
0.20 
0.75 
0.23 
0.14 
0.50 
0.20 
1.20 
1.40 
0.15 
0.09 
0.14 
0.15 
0.14 
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again, this would vary between different localities. 
However, despite the fact that these results for the thickness 
of the laminar sublayer are based on assumptions, they may be still 
regarded as fairly realistic indicators of the laminar sublayer thick-
nesses that are likely to occur in streams at different mean veloc-
ities. Until an accurate means of measuring the thickness of the 
laminar sublayer in the field is obtained theoretical calculations 
of the thickness of the laminar sublayer must suffice. 
Dye Visualisation of Larval Flow Patterns 
The results of the experiments in which dyes were used to trace 
flow patterns around larval Sclerocyphon are given in Plates 6.4-6.10. 
Plate 6.4 is a dorsal view of a last instar larva of s. secretus 
resting on the bed of the flow tank. The photograph was taken just 
after Indian ink had been released at a point several centimetres 
upstream. Low Reynolds number conditions exist (R = 400, V = 5 em s-1) , 
e 
laminar flow predominates and the pattern of streamlines around the 
larva are clearly revealed by the Indian ink. 
The clear region surrounding the anterior region of the larval 
shield is known as the stagnation zone. In this region velocities 
are close to zero and very little of the mainstream dye enters this 
zone. •rhis region in fact represents the larva's own boundary layer, 
The ink ·trails at the rear of the larva are smooth and no turbulence 
is visible. Similar flow patterns were seen around both live and 
dead larvae of all three Tasmanian species,s. secretus, S. aquaticus 
and S. lacustris, regardless of the shape of the larval shield, when 
larvae were orientated in the direction of flow. Larvae positioned 
sideways or end-on to the direction of flow were far less streamlined 
with considerable turbulence evident in their wake. 
Plate 6.5 is a horizontal view of a last instar larvae of 
6.4 
10 mm 
6.5 
10 mm 
6.6 
PLATES 6.4-6.6 Dye trails around larvae of s. secretus: (6.4) stream-
lines around a larva at low Reynolds number; (6.5) larva 
within the viscous sublayer at low Reynolds number, tur-
bulence present above the sublayer, h 1 = height of viscous 
sublayer, h2 =height of modified sublayer; (6.6) larva 
with anal g1lls actively ventilating, turbulent eddies 
created by ventilating gills arrowed. Flow direction 
(indicated by stream arrow) and scale similar for all 
figures. 
PLATES 6.7-6.8 Dye trails around larvae of s. secretus at high Reynolds 
showing boundary layer separation within the larval bound-
ary layer (larvae approximately 10 mm long): (6.7) normal 
live larva; (6.8) live larva with slots between lateral 
laminae blocked with petrolatum. Small arrows indicate 
the direction of flow and large arrows indicate the 
point of separation in both cases. 
69 
~!,~6~·~9-~6~·~1~0 V ntral view of aye trails arouna live larvae of 
s. eoretus at high Reynolas number (larvae approx-
imately 10 mm long) I (6.9) aye from bounaary l,yer in 
sLots (l) between lateral laminae, (6.10) aye from slots 
(l) moving beneath the shiela ana being aischargea be-
neath the last tergite auring ventilation (2). Spratches 
on the acrylic substrate proviae attachment points for 
th larvae. Small arrows inaicate the airection of water 
flow. 
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S. secretus resting on the bed of the flow tank. 'rhe photograph 
was taken just after Indian ink had been released at a point several 
centimetres upstream under transit:ional flow conditions (R 
e 
1000, 
- -1 V == 10 em s ) . Dye trails reveal the presence of a laminar or 
viscous sublayer immediately adjacent to the substrate. At point 
h 1 the height of the sublayer is 1.2 mm. The maximum height of the 
larva is 1.6 mm and the height of the sublayer increases to 1.8 mm 
at point h 2 , due to the presence of the larva. Dye trails above the 
laminar sublayer reveal that the remainder of the boundary layer is 
turbulent. 
Plate 6.6 is a horizontal view of a live last instar larva 
taken after the main parcel of Indian ink released upstream of the 
larva had passed by. However, dye has accumulated in the region of 
slower flow at the rear of the larva. The ninth tergite is upraised, 
the gills which lie beneath are extruded and actively ventilating. 
The small turbulent eddies (arrowed) created by the actively pumping 
gills are clearly outlined by the dye traces. 
Plate 6.7 is a horizontal view of a live last instar larva in 
-1 high Reynolds flow (R = 3000, V = 30 em s ) taken several seconds after 
e 
Indian ink was released upstream of the larva. Separation of the 
larval boundary layer has occurred, the point of separation is arrowed, 
and flow downstream of this point is turbulent. 
Plate 6.8 is a horizontal view of a larva under the same condit-
ions as above (Plate 6.7). However, the slots between the lateral 
laminae on this larva have been blocked with petrolatum. Separation 
has occm:·red earlier, at a point closer to the maximum height of the 
larva, as indicated by the arrow. 
Plate 6.9 is a ventral view of a live last instar larva of 
S. secre~us clinging to a roughened transparent plate under high 
Reynolds number conditions (R 
e 
3000, V = 30 em s1). Dye from the 
boundary layer adjacent to the dorsal surface of the larva can be seen 
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entering the slots on the left hand side and moving through to the 
ventral surface. The stagnation zone is visible anteriorly as a 
clear region free of dye. 
Plate 6.10 is a ventral view of a larva under the same conditions 
as above (Plate 6.9) but the ninth tergite is upraised and the larva 
is actively ventilating. Dye that had moved from the boundary layer 
into the lateral slots is now moving beneath the body shield (1) and 
being discharged beneath the last tergite during ventilation (2). 
The larvae in both Plate 6.9 and 6.10 are slightly askew rather than 
directly orientated in the direction of the current. In such a sit-
uation larvae adjust the slots so that dye passes through the down-
stream slots only. 
Vertical Forces Needed to Dislodge Larvae 
The forces required to dislodge last instar larvae of s. secretus 
from a flat, slightly roughened, substrate in still water and veloc-
' -1 ities of 15, 30 and 60 em s are given in Table 6.3. As there were 
only minor differences between the four different flow situations mean 
results were also calculated for the total data set. Although the 
correct unit of force is the Newton (1 kg force = 9.8 Newtons) the 
results of this study are expressed in grams as this latter quantity 
has greater biological relevance. 
TABLE 6.3 Forces required to dislodge larvae, vertically, from the 
substrate. Mean velocity, V =mean velocity in the flow 
tank. Number = the number of larvae dislodged. 
Mean Velocity, V Number Mean Force Range of Forces (em s-1) (gms) (gms) 
-------------
0 25 2.45 1.0- 4.5 
15 11 2.02 1.0- 3.2 
30 20 2.74 0.8 - 4.5 
60 29 2.54 1.0- 4.5 
Total Data Set 
0-60 85 2.5 0.8 - 4.5 
-----------------
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From Table 6.3 it can be seen that the vertical force that 
must be applied to dislodge a last instar larva ranges from 0.8 
to 4.5 grams with a mean value of··2.5 grams. 
6.5 Discussion 
Theoretical Predictions of Flow Conditions Around Larval Psephenidae 
Individual Reynolds numbers are often calculated for free-
swimming organisms as a means of predicting flow conditions in the 
immediate vicinity of the organism. Webb (1974) notes that a wide 
range of Reynolds numbers exist for individuals within the animal 
-5 8 kingdom ranging from approximately 10 for spermatozoa to 3 x 10 
for a blue whale. For animals of low Reynolds number (<500) the dom-
inant forces acting upon the body will be viscous while for animals 
of high Reynolds number (>2000) the dominant forces will be inertial. 
However, the exact point of transition (the critical Reynolds number) 
from a laminar or viscous situation to one of turbulence, and thus 
inertial forces, differs between species and must be determined 
experiment.ally. 
Calculation of Reynolds numbers for psephenid larvae, however, 
does not contribute greatly to a knowledge of the flow conditions 
around them as they are benthic rather than free-swimming organisms. 
It is the flow conditions within the boundary layer of the substrate 
that are of utmost importance and, in particular, the thickness of 
the laminar sublayer. Where the thickness of the laminar sublayer 
is greater than the height of a larva the larva is subject to viscous 
forces only. As the thickness of the sublayer decreases the larva 
becomes increasingly exposed to turbulent flow. 
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Examination of Figures 6.2 and 6.3, the graphs of height 
against total length for larvae of s. secretus and S. aquaticus 
respectively, reveals that while height and length are positively 
related the maximum height of larvae in the last instar (the largest 
larvae) never exceeds 2.2 mm. This information together with the 
values for the thickness of the laminar sublayer, given .in Table 6.1 
(after Smith, 1975) indicate that all larval Sclerocyphon are com-
pletely sheltered by the laminar sublayer at mean velocities of 
-1 10 em s or less. -1 For mean velocities greater than 10cM s larval 
height may exceed the height of the laminar sublayer and thus larvae 
may be exposed to turbulent flow. 
Examination of the values of the thickness of the laminar sub-
layer .in some Tasmanian streams (Table 6.2) suggests that in the slower 
flowing streams, for example, Lambert Creek and Hytten Hall Creek, 
larvae of early instars are likely to remain within the laminar sub-
layer while last·instar larvae may protrude above it and be exposed to 
turbulent flow. In the faster flowing streams and rivers, for example, 
Myrtle Forest Creek and Black River, the laminar sublayer is so reduced 
(0.14-0.09 rom) that larvae of most instars are likely to protrude above 
'it. In all streams and rivers listed in Table 6.2 the thickness of 
the laminar sublayer is less than the maximum height attained by larvae 
in the last instar (2.2 mm). Some of the ways in which larvae cope 
with life· in both laminar and turbulent flows were revealed by flow 
visualisation techniques and are described below. 
Larval Adaptations Revealed by Flow Visualisation Techniques 
Streamling 
Dye visualisation of flow patterns around larvae in low 
Reynolds number conditions revealed that all larval Sclerocyphon are 
streamlined (Plate 6. 4) when orientated in the direction of flow. 
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Ideally, a streamlined body has zero pressure drag in an ideal 
fluid. In practice, this does not occur and a streamlined body 
must be defined as a body that offers least resistance to fluid 
flow (Webb, 1974). With a streamlined body separation is delayed 
and occurs close to the trailing edge. 
From Plate 6.4 it can be seen that the gradual posterior 
tapering of the larval shield directs water flow smoothly to the rear 
of the body. As the wake behind the larva is small the net disturb-
ance to the flow is small and so pressure drag is also small. Drag 
on the larval body is therefore mainly friction drag. All larvae 
appear to conform with an ideally streamlined object in that their 
maximum widt.h and height are achieved at about 36% along their length 
(Bournaud, 1963) when they are orientated in the direction of flow. 
While streamlined forms are common in larger swimming organisms, 
they are rare among benthic invertebrates (Hynes, 1970). Baetid may-
flies are the most well-known example of a streamlined benthic inverte-
brate although all limpet-shaped animals are also streamlined to some 
extent (Hynes, 1970). Craig and Chance (1981) note that simuliid 
larvae which are cylindrical in shape actually present a streamlined 
form to the current because of the manner in which they are attached 
to the substrate. 
Modification of the Laminar Sublayer by Streamlined Larvae 
Under low Reynolds number conditions when larvae are completely 
immersed within the laminar sublayer the streamlined shield keeps drag 
forces to a minimum and larvae can maintain their position on the upper 
surfaces of stones with minimal expenditure of energy. However, Shap-
i.ro (1961) suggests that if the drag of a streamlined object is to be 
kept to a minimum a lam~nar boundary layer must be maintained around 
the object at all times. Dye visualisation of flow patterns around 
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larvae indicates that the shape of the larval shield actually increases 
the height of the laminar sublayer, under certain circumstances, to 
ensure that the larva remains within it. This can be seen in Plate 
6.5 where the height of the laminar sublayer is only 1.2 mm several 
millimetres upstream from a larva 1. 6 mm high. 'J'he laminar sublayer 
in the immediate vicinity of the larva, however, increases to a height 
of 1.8 ~n and thus a laminar boundary maintained over the larva. 
This situation only occurs where the laminar sublayer is still rel-
atively thick, at least half the height of the larva. 
This result indicates that the theoretical predictions of flow 
conditions around larvae, based on calculations of the thickness of the 
laminar sublayer, given above, are not entirely accurate as the larva 
is capable of actively modifying the height of the sublayer in the 
vicinity of its body. 
Respiratory Processes in the Laminar Sublayer 
Maintenance of a laminar sublayer over the larval shield is of 
considerable adaptive advantage as drag forces are kept to a minimum 
enabling larvae to graze the upper surfaces of stones without risk of 
being washed away. However, a serious disadvantage of this situation 
is the fact that movement of respiratory gases within the laminar sub-
layer is limited to the slow rate of molecular diffusion. 
Larval Sclerocyphon and, in fact, all larvae of the Eubriinae 
and Psephenoidinae overcome the constraints of this situation by creat-
ing their own respiratory current with a pair of anal tracheal gills. 
The retractable gills are located beneath the ninth tergite (Plate 6.11). 
During ventilation the tergite is lifted and the actively pumping gills 
are extruded. Pumping creates a turbulent area at the rear of the 
larval body (Plate 6.6) which does not increase drag and enhances 
respiratory processes and waste removal. 
246 
In high Reynolds number situations where the thickness of the 
laminar sublayer is so reduced that larvae are exposed to turbulence 
active ventilation may no longer be vital for respiration; however, 
under such conditions it may be a mechanism for drag reduction. The 
generation of small vortices at the rear of the larval body (Plate 6. 6) 
effectively controls energy losses in the wake, keeping such losses 
small and so also keeping pressure drag to a minimum. 
Boundary Layer Control by Suction 
In situations where the laminar sublayer is so reduced that 
larvae must be exposed to high energy flows, it appears that they main-
. tain position on the upper surface of stones by a further method of 
boundary layer control known as suction. The spaces between the lateral 
laminae (Plate 6.12) act as slots through which a small amount of boundary 
layer fluid passes. Fluid mechanic theory predicts (Schlichting, 1960; 
Walz, 1969), and actual suction aerofoils demonstrate (Tokaty, 1971), 
that suction delays separation of the boundary layer. 
Schlichting (1960) states that the effect of suction is to re-
move decelerated fluid particles from the boundary layer before they 
have a chance to cause separation. A new boundary layer which is cap-
able of overcoming a certain adverse pressure gradient then forms in 
the region behind the slot, as illustrated in Figure 6.+. Schlichting 
(1960) suggests that a suitable arrangement of suction slots will shift 
the point of transition, in the boundary layer, in the downstream dir-
ection. This appears to occur in larval Sclerocyphon where suction 
through the lateral laminae delays separation rather than preventing 
it entirely. Suction results in the larva's own boundary layer being 
thinner but more stable. The delay in separation reduces pressure 
drag and, therefore, total drag upon the larva. 
Plate 6.7 illustrates the occurrence of separation towards the 
rear of the larval shield under high Reynolds number conditions. 
6.11 6.12 
PLATES 6.11-6.12 Sclerocyphon secretus, last instar larva from Lambert Ck, Tasmania: (6.11) ventral view, (1) 
operculum covering retractable gills, (2) slot between lateral laminae; (6.12) dorsal view. 
Larva approximately 10 rnrn long. 
-- - ..... 
VELOCITY 
• 
' 
' 
SLOT 
\ 
VELOCITY 
• 
Ill • 
* .h2r--.;:;......_.----....;;;.a 
• • 
\ 
\ 
FIGURE 6.4 Theoretical velocity profiles and lines of flow in the 
vicinity of a suction slot. Stagna·tion point streamline 
dashed; other streamlines dotted. h1 = initial height of 
velocity profile; h2 = height of velocity profile after 
suction. After Walz (1969) • 
Similar dye visualisation of flow around a larva whose slots were 
blocked with petrolatum (Plate 6.8) reveals that separation occurs 
much earlier, soon after the point of minimum pressure, and drag 
forces upon the larva would be considerably higher. 
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When larvae were placed upon a transparent substrate, dye from 
the boundary layer above the larva was observed entering the slots be-
tween lateral laminae (Plate 6.9) and moving beneath the body shield to 
be discharged beneath the upraised ninth tergite during ventilation 
(Plate 6.10). Animals lying askew to the stream flow adjust slots so 
that dye passes through the downstream slots only. 
Only a small volume of fluid needs to be removed by suction to 
maintain boundary layer control (Schlichting, 1960). Larvae may be 
able to control suction by the adjustment of the volume under the body, 
both by muscular activity and active ventilation. 
The ability to control their boundary layer by suction ensures 
that larvae experience minimal drag forces even at times of rapid in-
crease in stream flow. Such increases in shear stresses occur during 
stream spates and even when the animal changes position in ·the habitat. 
Boundary layer control by suction also appears to occur in the 
larvae of the two subfamilies, the Psepheninae and Eubrianacinae, which 
possess passive ventral tracheal gills. Examination of preserved spec-
imens and illustrations (Hynes, 1970; Blackwelder, 1930; West, 1929b) 
of larvae with ventral gills has revealed that suction through slots 
may be the only means of maintaining adequate waterflow over the gills 
in those animals. The ventral gills of Psephenus herricki are illus-
trated in Plate 6.13. 
In Psephenus herricki (Plate 6.14) a thin joint of soft flexible 
tissue is present at the junction between each lateral lamina and the 
body. This enables each lamina to move in both the horizontal and 
vertical planes. This is not the case in Sclerocyphon and all other 
Eubriinae where the body and lateral laminae are covered with a continuous 
6.13 6.14 
PLATES 6.13-6.14 Psephenus herricki, larva from Oakville Ck, Ontario, Canada: (6.13) ventral view, (1) 
ventral gills; (6.14) dor~l view (1) thin flexible joint at junction of lateral lamina 
and body, (2) ridge on lateral lamina. Larva approximately 8 mm long. 
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sheet of chitin and movement of the lateral laminae is restricted to 
the horizontal plane only. Larvae of Psephenus herricki therefore 
appear to have greater control over both the width and orientation of 
slots between laminae. Such control may be very necessary when res-
piration depends largely on the movement of water through the slots. 
A ridge along the entire length of each lamina, behind each slot, may 
also serve to direct water movement through each slot. 
Further Adaptations to Life in Running Nater 
Forces Used by Larvae to "Grip" the Substrate 
Flow visualisation techniques could not, of course, reveal all 
the mechanisms employed by larvae to maintain position in the benthic 
habitat. Larvae also exert a powerful grip upon a rough substrate 
using the thoracic legs. The importance of the legs in maintaining 
position first became evident when larvae were unable to maintain pos-
ition, even at v~ry slow velocities (5 ern s1) , on a completely smooth 
perspex plate. However, a slight roughening of the surface of the 
perspex with fine grade glass paper produced a satisfactory surface for 
larval attachment. It appears, therefore, that even the smallest rough-
ness projections will provide a point of purchase for the stout tarsal 
claws of the larvae. 
The forces needed to overcome a larva's grip on the substrate and 
dislodge it, vertically, range from 0.8 to 4.5 grams with a mean value 
of 2.5 grams (Table 6.3), for last instar larvae. The force that a 
larva can exert to withstand vertical dislodgement is thus considerable 
relative to its body mass which, for last instar larvae, ranged from 
0.003 to 0.005 grams. Such a "gripping" ability would be of consider-
able aid in preventing dislodgement by predators such as patypus (Far-
agher et al., 1979), trout (Jackson, 1978), freshwater flathead CHortle 
and White, 1980) and freshwater turtles (M. Notestine, pers. comm.). 
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At first it was thought that the force required to dislodge 
larvae vertically may also represent ·the force exerted by larvae to 
overcome drag forces on the body; that is, the shear stresses which 
would tend to push the larvae downstream. However, forces required 
for vertical dislodgement cannot be related to drag forces which, in 
fact, have a major horizontal component. Therefore, while the former 
forces give some indication of the ability of larvae to resist predators 
they cannot be regarded as a measure of the magnitude of drag forces 
upon larvae. 
The experimental assessment of drag forces upon a benthic in-
vertebrate and the associated computation of drag coefficients is a 
complex procedure and was not undertaken during the present study. 
Bournaud (1963) obtained estimates for the forces experienced by a 
trichopteran larva, Micropterna testacea, by considering the forces 
acting upon cylinders of similar size. The theory of forces upon cyl-
inders is well do~uroented in fluid mechanics literature but while the 
case of a caddis larva may be validly likened to a cylinder the same 
analogy cannot be applied to a psephenid larva. An appropriate start-
ing point for any future study of drag forces upon larval Psephenidae 
may be to liken a larva to a flat plate of equivalent wettable surface 
area. 
Mucus 
The taxonomic study (Chapter 3) revealed the presence of mucus 
over much of the dorsal shield of the larvae. In particular, the high-
est structures projecting from the shield, the mid-dorsal clumps of 
sensillae, were always covered with mucus. 
Toms (1948) demonstrated that small quantities of high molecular 
weight. polymers flowing .in tubes produced friction drag coefficients 
lower than those predicted for Newtonian fluids. A similar hydrodynamic 
function has been pos·tulated for mucus secreted by aquatic organisms. 
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Daniel (1981) notes that mucus secretion and ii:s role in drag reduc·t;-
ion can be seen in a variety of biological situations. A number of 
studies (noted by Webb (1974) and Aleyev (1977)) 1 have shown that fish 
mucus reduces friction drag and Hoyt (1970) has shown that mucus from 
marine organisms such as algae and bacteria can reduce drag. 
Probably the mucus on the dorsal shield of larval Psephenidae 
is playing a part in reducing friction drag on the larvae. However, 
this hypothesis must be tested experimentally before the role of mucus 
in the hydrodynamics of larval Psephenidae is truly understood. 
Surface Roughness 
The taxonomic study (Chapter 3) also revealed the presence of small 
thickly sclerotised projections or "beads" on the dorsal shield of most 
larval species of Sclerocyphon. Depending on Reynolds number and the 
influence of shear stresses, surface protrusions on an object or animal 
may trigger separ·a·tion earlier than would be expected if the same object 
or animal was completely smooth. This results in the boundary layer 
over an object becoming turbulent sooner but the wake is smaller and, 
therefore, pressure drag on the object is lower (Shapiro, 1961). Reduct~ 
ion of pressure drag through surface roughness is usually a feature of 
bluff rather than streamlined bodies and Shapiro (1961) illustrates this 
phenomenon with the example of dimpled golf balls travelling further 
than smooth ones. 
While it is tempting to speculate that the cuticular beads of 
larval Sclerocyphon act to reduce pressure drag on the larval shield, 
the fact that the shield is streamlined (and therefore friction drag 
rather than pressure drag is of primary concern) suggests that this is 
probably not the case. Possibly the thickly sclerotised beads are a 
source of mechanical st.rengthening or reinforcement for the larval shield. 
Such strengthening may be a very necessary adaptation for organisms 
living in a region of high shear stresses. Such shear stresses are 
a predominant feature of both the benthic boundary layer and the 
laminar sublayer. 
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The role of mucus may be intimately tied to ·the presence of the 
cuticular beads. The beads provide mechanical strengthening to the 
dorsal surface without requiring a hard, surface over the entire 
shield. While such a rigid surface (if smooth) may reduce friction 
drag it would also restrict locomotion and body movements in general. 
Flexibility of the larval shield is important as it enables larvae to 
remain closely adpressed to rock surfaces, which may be highly uneven, 
while grazing. This is necessary for larvae ·to remain, as far as pos-
sible, within the laminar sublayer. As well it also prevents water 
moving under the anterior end of the shield and creating a "lift" effect 
which would result in the larva being swept off the rock. The role of 
mucus 1 therefore, may be to counteract the roughness effect of the beads 
and create a smooth surface ove1:·all. In this way friction drag upon the 
shield is kept to a minimum without sacrificing the flexibility of the 
shield. 
Surface roughness or sculpturing appears to be a feature of a 
number of aquatic benthic invertebrates. Hynes (1970 citing Hora, 
1930) notes that many blepharicerid larvae living in swift water are 
elaborately sculptured or spiny while Craig and Chance (1981) note that 
simuliid larvae have small scales and l1airs on their body surface. 
The role that surface roughness or sculpturing plays in the adaptation 
of benthic invertebrates to running wa·ter needs further investigation. 
6.6 Conclusions 
Hynes' (1970) suggestion that the flattened form of psephenid 
larvae enables them to live within the relatively slow-·moving boundary 
layer region of stones on the stream bed can now be modified, slightly, 
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to state that larvae are predominantly occupying the region of viscous 
flow, within the boundary layer, known as the laminar sublayer. The 
streamlined larval shield and the active mode of gill ventilation are 
both adaptations to life within the laminar sublayer. 
In high Reynolds number situations where the laminar sublayer is 
so reduced that larvae must be exposed to turbulence they employ a form 
of boundary layer control known as suction to keep drag forces to a min-
imum. 
'I'he results of this study suggest that larval Sclerocyphon and 
probably all larval Psephenidae have achieved, through the processes of 
evolution, an optimal design for life on rocky substrate in running 
.waters. The force of water increases as the square of the velocity and 
-:l Hynes (1970 citing Bournaud, 1963) suggests that the force of 0.5 ~n mm 
which, theoretically, exists at a velocity of 30QCm , would be impos-
sible for small animals to resist. Larval Sclerocyphon avoid such 
forces by both sheltering within the slow-moving laminar sublayer and 
employing very efficient means of drag reduction in situations where 
turbulence andhigher velocity flows cannot be avoided. Thus larvae 
can move across the upper surfaces of stones to graze attached algae 
without risk of dislodgement. They are, in fact, able to exploit a 
food resource which is unavailable to many other benthic invertebrates 
not possessing their hydrodynamic advantages. 
6.7 Studies 
Although the present study has revealed much about the flow con-
ditions experienced by larval Psephenidae the actual water velocities 
present in the immediate vicinity of the larva still need to be deter-
mined directly. 
Amb'.:hl (1959) demonstrated the occurrence of many regions of 
reduced flow in the vicinity of stones on the stream bed. An ecological 
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or "microecological" study of the distribution of larvae within the 
microhabitat, that is, over individual stones, must now be carried out 
to determine the exact regions preferred by them. Although larvae 
have mechanisms to cope with both slow and fast water flow it still 
remains to be determined how of·ten these various mechanisms are employed. 
Larval streamlining is only effective when larvae are orientated 
in the direction of flow; however, control of their boundary layer by 
suction through slots between the lateral la'Uinae appears to be effect-
ive when larvae areboth orientated in the direction of flow or askew 
to the direction of flow. Informa·tion must now be obtained on the be·-
haviour of larvae under different flow conditions and, in particular, 
the orientation of larvae under different flow conditions. 
Attempts to obtain such information during the present study 
were hampered by the fact that larval Sclerocyphon are extremely 
negatively phototropic. This means that larvae only move across the 
upper surfaces 9f stones to graze at night (or in overcast wea·ther 
conditions). Studies on the behaviour of larvae under different 
flow conditions must be carried out in darkness (or low light conditions) 
if rheotropic effects are to be separated from phototropic effects. 
Similarly the ecological or "microecological" studies suggested above 
should be conducted at night, as well as during the day, if an accurate 
picture of the interaction between larvae and running waters is to be 
obtained. 
The study of differences in the shape of the larval shield in 
Tasmanian Sclerocyphon (Chapter 5) indicated that the shape of the 
larval shield is related, at least in part, to the flow conditions in 
which the larva lives. One of the aims of this study (Chapter 6) 
was to determine whether, and how, these different shapes may confer 
different hydrodynamic advantages to larvae. While the use of flow 
visualisation techniques revealed tnuch about some aspects of larval 
hydrodynamics, differences between the different larval shields 
were not detected. Further studies on the hydrodynamics of larval 
Sclerocyphon (as outlined above) may therefore also provide more 
.information on the relationship between larval shield shape and 
water flow. 
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list for Sclerocypho~ 
m the Thomson River 
Table A-1 Identification 
in samples fro 
and associated 
collected from 
the Gippsland 
rivers and streams 
1976-1979 as part of 
Rivers Environmental 
Survey 
Site Locality No. Date 
TI 
T2 
T3 
T4 
TS 
T6 
Thomson R. Thomson V 
Thomson R. Thomson-P 
alley Rd. 
orta1 Rd. 
Matlock Creek. Ht Gr 
Hatlock Creek,off Th 
Thomson R., Thomson 
Thomson R. , Thomson-J 
sorted substrate 
bulk substrate 
bulk substrate 
egory Track 
oms on Portal 
Rd. 
Portal. 
ordan Divide 
Rd. 
-
I 11/2/77 
I 10/2/77 
3 10/2/77 
3 10/2/79 
l; 2/5/77 
I-V 25/11/76 
I 10/2/77 
2 10/2/77 
3 10/2/77 
4 10/2/77 
4 10/2/77 
I-5 25/11/76 
I 10/2/77 
I 2/S/77 
I 2!1/11/76 
3 10/2/77 
18 25/10/77 
I 25/11/76 
!; 9/2/77 
I 1/5/77 
I 1/3/78 
I 1/3/78 
2 1/3/78 
2 3/8/77 
2 125/11/76 
3 1/3/78 
!i 2/2/77 
Species 
Adults Larvae 
e l'l ,... 
;:! ;:! 
,£l :fl ,.,. 
u <1l u <1) 
<1) OJ <1l Cl) 
<1i ,...; ...:l <1) e-l ...:l (j) i:t:l <l) i:t:l f:i 
...:l (fJ ...1 (fJ (fJ 
·rl (fJ •rl 
"" (f) ;:! ~· til ;:l ,...; (f) ::J .j.J .-I ;:! w ,...; 
.j.J (1j 0 .j.J m Q ~I (1j ....; u <1l ....; u ·..-< ::l •r{ •,.{ ;:! •,1 )..< u (f) ,... u (f) •rl 
..... ~ <ll w m t'il ~ U) ,£l U) ,£l 
~I ~I ~I ~, UJ! ~I ~I 
--
le 
IL le 
I 
2e 
lL 
lL 
3e le 
4e 
1e 
le 
3e 
21 
3e 
21 
le 
le 
le 
1e 
2e 
le 
3e 
1e 2e 
u 1e 
1L 
2e 2e 
3e 
lL 
2e 
le 
le 
~ipecl(~S ___ ... ___ 
-·~·-----.. ....,.,._,..,..,, 
AdultB Larvae 
Table A-1 (cont 'd) 
·:r ~: 1-; :;) ;j 
.0 .n 
~ ,.:~ 
() f\J (J ({j 
<11 (lJ {\) OJ 
!\) ~-·} r-'1 r4 rl 
>ll ({.( i1.l 
" ...:l u:J' ·~I (:1, "' ·-1 w ;.l ~; ,., 0 (lj .~, •rl ,.. 
"' w J4 {[J 
Locality Date: ~I ..,.;, ..,.;, 
_,. ___ ~>-H-
-~-~, ••><--'-·-- .. 
T6 cont 'd Bulk substrate 1/3/78 2e 
1/3/78 le 
T7 Thomson R. , 112 km d.s. of Eastern JlZ/2/7} 
1'9 Whitelaw ck. at 'fuitelaw pgnH1 · 3 jn/2/77 2e 
2 p12177 I le ! 
l 5 2/5/77 i 3e l 
TlO Thomson R.-BBck. jn Jericho lt-4 28/11/76 I I 4e I lL 
12-5 I . le 
3-5 28/11/76 
llJ 
le 
Tll Thomson-Jordan jn Swingler 
I 
I l 1/5/77 
Portal. I lle I A lz4/ll/76 I 121+/11/761 I Al 4e 
3 12/2/77 3el I I 
3 1/5/77 uj 
5 12/2/77 11 
5 24/11/76 le 
9 12/2/77 le le 
10 12/2/.77 .le 
10 1/5/77 1L 
4 1/5/77 lL lL 
12/11/77 le 
11 
Tl2 Thomson R. Aberfeldy Rd. 1/2 km I 13/2/77 2e 
downstream of Swingler. I 1/5/77 lL 11 
3 21 
Tl3 Thomson R. Bells Clearing I 10/2/77 lL 
2e 
I 13/8/77 lL 
sorted substrate, I 28/2/78 3e 
Sped.es 
-------
Adults Larvae 
Table A-1 (cont'd) 
,--
>:1 )~ 
1-< 1--1 
::l :;:J 
,[.l ~~ ,:,< (.J "' 0 tll 
"' 
,1) <1l (l) 
"' 
~4 ,_.; •J ,-1 ~1 
<lJ Cl~ (\) .,:) 
-! 
"'I 
,.1 (/J 
tl) ·,-j lfJ ·d 
lfJ :;;J ...-! I]; :;; ,-1 
::l w ..... ::J .... •·I 
w tj 0 ;J C) 0 
<:J .... -~I <\1 ,-1 (J •rl ::l •rl ;J ,,.., "' u }... u <Jl w ~ l1) ;~I a nl Ul ..0 ,,) 
~·-,.,·-· 
:ott" l,ocality No. D ate ,;.I ,;.I <nl ,,; I ui1 iuil 
••• « •·· • ••••••• ---· ···-····-----------·-··-------~-~··+ ···--··-l·-
-·· 
.•. ~ ... ,_ 
Tl3 Thomson R. Bells clear1ng, con t.d. 3 27/2 /78 le le 
Sorte.d substrate 4 27/2 /78 2e 
1L 
Sorted substrate 5 27/2 
9/2 
I Thomson R. 25/2 T14 12 km NNW of Walhalla ll(v) 26/1 
TlS I Thomson R. . IA 24/1 
I I I 2/3 
/78 
11 ~ i I 3e /77 
/78 10"' 1~ 
1/76 le 
0/77 le 
/78 
le 
le 
I I I 2/3 
I Sorted substrate ! 4 2/3 
/78 Se 
/78 lL 
I Sorted substrate 5 3/3 
Tl6 I Thomson R. 6.9 km NW of Walhalla I 3/5 I IA 22/1 
I 
I 26/1 
Sorted substrate I 2/3 
2/3 
I 
/78 2L 
/77 le 
0/77 le 
1/76 le 
/78 2e 
/78 le 
lL 
le 
I 
Sorted substrate 2 2/3 /78 2e le 
Bulk substrate 2 13/2 /78 le 
2 2/3 /78 le 
Bulk substrate 3 2/3 /78 3e 
3 2/3 /78 
{I 13/2 /77 2e 2e 
Bulk substrate 5 3/3 /78 Se 
Sorted substrate 5 2/3 /78 2e 
Tl8 Aberfeldy R. Donellys Ck Track 1-'· 2.9/1 1/76 2e 
29/1 1/76 lfe 
2-5 29/1 1/76 le 
t j 
Speeies 
Adults Larvae 
-
r:: (:! 
Table A-1 (cont 1 d) 5 '"' ;:J 
:f! ,ll I~ ~:.-: u u m '11 m Q) m r·i ro r1 ~1 <!: IXl ()) vet Q .-l .-l -~I "' IJ'l •.-1 p, 
"' 
::l .-; VJ :::> .-; w 
:;:J w ...; :::> ~J M 
p 
"' 
0 +J <ll 0 ~~ <1l ...; u IU r-1 () 
., :::> •rl •el ::l ..... 0' 
H u ,, H u IJl ·~j w m <ll .., ~ <ll IJl ,ll (J) ,n 
:··;i Locality INo. Date ,;I ~I ~, ~I ,,,; I (/)I ~I 
-~-r---~-- ~--~ ··--·~ --· 
Tl8 Aberfeldy R. Donellys ck Track 29/11/76 l 2e 
cont'd. 3 13/2/17 le 
3-.5 29/11/76 le 
Tl9 Aberfeldy R. Aberfedly-Walhalla I 16/8/77 le 
Rd. Bridge. ! 
I 4/.5/77 11 
2-5 27/11/76 4e 
31 
2-4 27/11/76 le 
2 4/5/77 le 
T20 Thomson-Abe-rfe1dy Jn Finger box 2 4/5/77 3e le 
Spur. Track 4 4/5/77 lt 
T21 Thomson R. Moe-Halhalla Rd. IC 24/10/77 11 
2 4/5/77 le 
3-5 27/11/7E 2e 
11 
4 13/2/77 23e 
11 
L1 16/8/77 1L 
4-5 27/11/7'6 le 
T21A Thomson R. Bruntons Bridge 3 5/5/77 1e 
lL 
'1'23 Rainbow Ck. Cowarr··Seaton Rd. 3 18/2/77 lSe 
T25 Thomson R. Tinamba-Rosedale Rd. I 19/2/77 le 
'1'22 Thomson R. 4 km U/S of Cowarr Weir /1 4/10/7! le 
7/5/77 lL 
i 
' 
l ! 
MC I 
MC 6 
HC 7 
MC 9 
MC 10 
Table A-1 (cont'd) 
L,ca lit y 
Upper Macalister R. above Howitt 
Plain. 
3 
3 
Light trap - dried 
Caledonia R, Below 
specimen. 1* r -
jn of branche • 
2-
I 
5 
Dingo Ck Caledonia R. track. 
Shaws Ck Bennison plains 
Macalister~CaledQnia R. jn 
Dried specimen 
Dried specimens 1* 
* both i• sp.n. 
,3~ 
Is-
5 
5 
6-5 
I 
I 
I 
I 
1-
2-
2-
A 
B 
5 
5 
5 
2-u 
5 2-
3-u 
! : 
4A 
4B 
4C 
5 
4 
Date 
!1s; 77 
22/2/77 
22/2/18 
.22/2/78 
30/11/76 
30/11/76 
30/11/7(; 
30/11/76 
15/11/7 
6/5/77 
124/2/78 
24/2/78 
1/12/71 
1/12/7~ 
1/12/7~ 
1/12/ 7l 
1/12/7( 
l/12/7f 
6/5/77 
6/5/77 
24/2/78 
24/2/78 
24/2/78 
6/5/77 
6/12/7 
16/2/77 
I 
Specie.s 
~ .. ._...,....., 
-
Adults Larvae 
- ,_ .. 
c:: ~ 
l-< 1-< 
;::l ::l 
.0 ,.0 
·"' 
.,; 
() 
"' 
() nl 
ru (!) 
'" 
Q) 
(() 
..-1 ....1 
"' 
.-l ~~ 
;-~ ,:Q <!) ,:Q 
m: WI ....l 
'Jl 
..... rJJ •t"'l ~, ;:l r-J Oll ;::l ~; .w '4 ;::! • .J t· .. ~ ., 
"' 
c ~~ 
'" 
0 
"' 
, . .; u Fi () 
.,,I ;:l •..t •..tl I ~I .,, ;, () (j) HI ifJ ..., ~ "' ~~) " if! .n .n 
uc:l (I) I , .. ;I !uir 1 tt;l i(,;l 
--···f··-· ~--~· 
I 
I 
I 
I 
I 
I 
I 
lle 
I 
I le 
I 2e 
21 
1e 
I 1e 
2L 
3e 
lL 
17e 
u 
le 
le I 
3e 
8e 
Se 
le 
ld' 
3 ~'f 
:w" 
I I I I 
I 
I 
I 
I 
2 
le 
4e 
lL 
le 
le 
le 
2e 
1L 
2e 
le 
le 
le 
lL 
le 
Se 
le 
Si.te 
MC 10 
MC 14 
MC 18 
MC 19 
MC 20 
Table A-1 (cont'd) 
loccil ity 
Macalister-Caledonia R. 
dried specimens 
Barkly Macalister Jn Lyndon Flat 
Do1obrook R. ira~dy Pincbmine 
Wellington R. 23.5 km N.N.E. of 
Lico1a on T~bo~1th4 Rd. 
Macalistec-V~llingtou R. jcce. 
No, Dn 
16/2/ 
16/2/ 
IB 24/2/ 
IA 24/2/ 
2 12/8/ 
17/8/ 
3 6/12 
3B 24/2/ 
3C 24/2/ 
4 5/5/ 
4B 24/2/ 
4C 24/2/ 
5 17/8/ 
6 5/5/ 
1-5 2/12 
2/12 
I 124/2/ 
3A 2S/2/ 
3B 25/2/ 
4 24/2/ 
14/11 
1A 23/2/ 
I 6/5/ 
r-u 1112 
2-U 1/12 
2-5 l/l2 
2 6/5/ 
3 6/5/ 
Spec.i.es 
-----
Adult"s Larvae 
;:;: d 
.... 1-< 
::J ::l 
"" "" .,.; 
·" <) (1j () <U 
<I) <l) ru <l! 
tU ,... ,:.) ('j ·-~ ...:I (l) vo (;) r.Q Ulj ,J ((l ...:I 
? "' .... .,..;I !J) ::l rl rJJ ::;I ;::; <J ....., ::J ;; ...., m 0 
'"' Si 
"' 
r·l u <0 •: 
..... ;J •rl •ri ~ '<ril .... u u; ,.. '-' ~ 1.) 4-l .21 "'• ·'~ (/) f 
·--"' 
te V:J ~I ,_.;I t;)j <~I ~I 
r-·--·· - c···--.. -1----· 
77 
77 10'f~ 
1C6"~ 
I 78 I 1e 
781 I I 1e 
771 
l 
I 
' 
I 
"j ' /7 Be 
78 le 
I 
78 18e 1e 
77 I 2e 2e 
78 I 2e 
78 le 
77 1e 
77 i le 
/7f: 4e I 
21, 
/7f 4e 
' 21 
I 78 2e 
78 I 
78 le I 78 11 
/71 3t~ 
16/d' 
78 lL 
77 lL 
/76 le 
/76 le 
/76 1e 
77 51, 
771 I I I 
MC 20 
MC 21 
MC 22 
MC ? 
MC23 
MC 
S4 
Table A-1 (cont'd) 
Locality 
Macalister-Wellington R, Jn 
dried specimens 
Macalister R. 7.3 km N.N.W. of 
Glenmaggie weir. 
Macalister R. O.S km b~lqw 
Glenmaggi~ weir 
Macalister R. 6 km N.N.W. of 
Glenmagg1e. Dried specimen 
A.A. C~lder. 
Macalister R. MansQn Rridge. 
Newry-Tinamba Rd 
Macalister R. 9 km N.N.E. of 
Heyfield 
Wellington-Carey R. Jn 
dried &pecimens A.A. Cald~r. 
l:l61llfirQ Ck 
Species 
3 
4 
4 
8 
I 23/2/78 
I 17/8/77 
4 23/2/78 
I 23/2/78 
3 18/8/77 
19-
1Cl"' 
Adults 
2e 
4e 
le 
le 
Se 
le 
3 4/12/7 3e 
I 
2L 
4/12/7 lF I 
4/12/7 2e 
4/12/7 zoo 
1
.15/2/77 
22/2/78 
I 
lo 
SL 
2e 
Larvae 
Table A-2 Identification list for Sclerocyphon in samples 
from the Thomson River and associated rivers 
and streams C9llected in 1979-1980 as part of 
the Gippsland Rivers Environmental Survey 
Table A-2 (cont 1d) 
Sample 
Date Si.re (No. of animals) IdentHica tion 
~------~-·-
6/3/80 Tl3a C4 (1) lE 
Knappings clearing C6 (1) lE 
C7 (1) lE 
C8 (2) 2E 
B9 (2) 2E 
7/3/80 Tl4a QS7 (1) 1E 
11 km NNW Walhalla B6 (1) lE 
B7 (1) lE 
B8 (3) 2E, 11 
BlO (2) 2E, 11 2E 
6/3/80 T13a QS2 (1) lE 
Knappings clearing QS6 (1) lE 
QS7 (2) lE, lL 
QS9 (2) lE, lL 
QSlO(l) lE 
10/3/80 TlS QSl (1) lE 
QS2 (2) lE 
Low Saddle Track QS3 (4) 4E 
QS4 (1) lE 
QSS (2) 2E 
QS6 (1) lE 
QS10(2) lE 
/ 
Table A-2 (cont 1d) 
Sample 
lla t'' Sire (No. of Identifieatlon 
~---........ ,~----·- ·----··~--m 
2Scl~....!:££.Y..P)],2!1_ §sl:i':!2.E.Y.E.~..!l:. Scle: ocy ho 
Lea maculatus lllkb zwlcki. sp 
-~---~-·-"----· 
~-~ ~·-··-----·----.. 
4/3/80 Tl6 QS3 (1) lE 
7 km NNW Walhalla QS4 {2) lE lE 
1 (Narrows gauging QSS 
(1) 1E 
Stat0 ) QS6 (2) lE lE 
QS7 (1) 1E 
QS8 (1) 1E 
QSlO (1) lE 
C4 (1) lE 
cs (4) 2E 2E 
C7 (1) lE 
B6 (3) 3E 
B7 (1) 1E 
BlO (1) 1E 
5/3/80 'f21a QS3 (1) lE 
QS4 (1) 1E 
Forestry Track QSS (1} lE 
QS6 (1) *1 
C4 (1) 1E 
C6 (9} BE lE 
C8 (1) lE 
B6 (56) 56E 
B7 (41) 41E 
B8 (4) 4E 
B9 (4) 2E, 1L 1E 
BlO (1) 1E 
May/June T6 QS6 (1) 1E 
1980 Thomson-Jot'dan QS8 (2) 2E Divide Rd 1/6/1980 
*1 No larva pr sent, only mite 
Date 
May/June 
1980 
Table A-2 (cont'd) 
SHe 
Tl3a 
30/5/80 
Knappings clearing 
2/6/1980 
Tl4a 
Tl5 
Low saddle tr~ck. 
27/5/1980 
T16 
7 km NNW Walhalla 
(Narrows gauging 
statn). 
29-v-1980 
Sample 
(No. of animaLs) 
QSlO (2) *z 
B7 (1.) 
BS (1) 
B9 (3) 
QSl (1) 
QS2 (3) 
QS3 (1) 
QS5 (1) 
QS9 (l) 
QSl (1) 
QS2 (1) 
QS4 (1) 
QS6 (2) 
QS8 (3) 
QS9 (2) 
QSlO (3) 
QSl (1) 
QS6 (1) 
QS7 (2) 
QS9 (2) 
2E 
lE 
lE 
2E 
2E 
lE 
lE 
lL 
lE, 11 
lE, 11 
2E, lL 
lE 
lE 
2E 
2E 
*z Not labelled as QSlO 
ldentiH.cation 
lE 
lE 
lE 
lE 
lE 
lF. 
2E 
lE 
Table A-2 (cont'd) 
Sample 
Site (No. of animals) Identif Lea t:ion 
..-~-"---...--~·---···-·--- -·-""'--···--·~-~-""~-
May/June 
1980 Tl6 B6 (2) 2E 
7 km NNW Walhalla B8 (1) lE 
(Narrows gauging R9 (1) lE Stat11 ) 
T21a QS3 (1) lE 
Forestry Track C6 QS7 (2) 2E 
28-v-1980. B6 (2} 2E 
B7 (l) lE 
B9 (1) lE 
Table A-3 Identification list for Sclerocyphon in samples 
from the Mitta Mitta River collected from 
1976-1978 as part of the Dartmouth Environmental 
Survey 
----~--- -·······~--------·- !'"""'""'''"-·-··•"'"'"'" ---···•· ---·-·--· .. ·-· 
Locality 
Site lA 
Site lA 
Site 1 
Site 1 
dam wall 
" " 
II U 
II tt 
" " 
ll u 
Date 
3/11/77 
15/11/77 
2/11/77 
15/11/77 
Site 2A 3/11/77 
Site 2A 5/11/77 
Site 2A 15/11/77 
Site 2 
Site 2 
Site 3 
Site 3 
Site IVA 
Site 4A 
ff H 
tl u 
H U 
u " 
fl II 
2/11/77 
14/11/77 
3/11/77 
14/11/77 
2/11/77 
14/11/77 
Site 4Aa 7/11/77 
Site 4Aa 14/11/77 
site 4Aa 
site 5 
Site 5 
Site 7 
H tt 
tl ft 
u n 
H n 
7/11/77 
7/11/77 
13/11/77 
11/11/77 
Satnple No.•Jp~oci.menl; l Inentifhnt 
KS2 
KS3 
KS 
BSl 
BS2 
KS 
KSl 
KS2 
KS2 LOM 
KS3 
KS2 
KS 
KSl 
KS2 
BS 
KS2 
KS 
KSl 
KS2 
KS2 LON 
K'S3 
KS 
KSl 
KS2 
KS2 LOM 
KS 
KS 
KS 
KSl 
KSl 
KS2 
KS2 LOM 
KS 
KS LOM 
BS 
1 
1 
7 
1 
1 
9 
3 
1 
1 
2 
2 
2 
1 
2 
l 
5 
5 
2 
8 
1 
5 
7 
4 
9 
2 
1 
4 
12 
2 
2 
2 
1 
8 
5 
1 
--·-···--------· ·------ ---1-------· --
! 1 I 
1 
7 I 
1 ! 
6 
1 
2 
2 
2 
1 
1 
l; 
2 
2 
7 
1 
4 
5 
4 
7 
2 
1 
3 
11 
1 
1 
7 
5 
1 
I 
1 ! 
1 
1 
1 
1 
1 
1 
1 
1. 
3 
2 
1 
2 
3 
1 
1 
2 
1 
1 
2 
1 
Table A-3 (cont 1d) 
Locality Date 
5 km u/s dam wall 6/1 1/76 
" 
" 
" 
site I 
Site IA 
" 
Site IIA " 
Site III 
" 
Site III 
Site IVA 
" 
" 
" 
Site 5 
" 
21/4 miles 
Site IA 
Site II 
II 
II 
" 
" 
Site III 
Site IVA 
" 
" 
II 
II 
Site V 
" 
Site VII 
II 
" 
II 
II 
" 
" 
" 
II 
" 
" 
" 
NW Eskdale 
II 
" 
" 
II 
" 
II 
II 
" 
" 
" 
1/76 5/1 
5/ 11/76 
28/1 
4/1 
0/76 
1/76 
1/76 5/1 
2/ 11/76 
3/ 11/76 
2/ 2/75 
8/ 2/78 
8/ 2/78 
9/ 2/78 
9/ 2/78 
10/ 2/78 
10/ 2/78 
Sample No.specimens Identification 
·-
striatus 
1 
.... zw:i.cki .bas.i ... nll·l"' :-=-· 
KS1 1 1 
KS2 10 9 1 
RAl 6 6 
RB3 1 1 
RA3 2 2 
RAl 2 2 
RA2 2 2 
RA3 2 2 
RA3 1 1 
RB2 4 3 1 
RAS 1 1 
RA2 4 4 
RA3 7 7 
RA4 4 4 
RAS 6 6 
RB1 2 1 1 
RC2 2 2 
1 1 
? 2 2 
KS1 8 6 4 
KS1 LOM 7 5 3 
KS2 1 1 
BS 1 1 
BS LOM 1 1 
KS1 13 7 6 
KSl 1 1 
KSl LOM 1 1 
KS3 3 2 1 
BS 1 1 
BS LOM 2 2 
KSl .1 1 
KS1 LOM 4 4 
KSl LOM 1 1 
KS2 2 2 
Table A-3 (cont 1d) 
Locality Date Sample No.specimens ldentification 
Site C2 14/2/78 KSl 12 12 
dam wall KSl LOM 7 7 
Site C3 13/2/78 KSl 5 5 
II KSl LOM 4 4 
" 
II KS2 1 1 
Site 0 6/3/77 KSL 69 67 2 
II II BS2 1 1 
" 
II RAl 17 17 
" " RA2 11 11 
II 
" RA3 1 1 
It II RA4 2 1 1 
II II RA5 7 6 1 
" RBl 3 3 
" " RCl 5 4 1 
" " RC2 3 3 
" 
II RC3 1 1 
" 
!I RC4 1 1 
Site IA 6/3/77 KSl 5 1 1 4 
" 
It KS1 pres. 6 6 
H It BS1 3 3 
It 
" BS2 2 2 
Site I 7/3/77 ? 1 1 
" " KSl 6 6 
" 
11 RA1 2 2 
II II RA3 1 1 
II 11 RC1 40 40 
II II RC2 19 19 
" " RC3 12 12 
" " RC4 a 8 
Site v 5/3/77 KSZ 23 23 
Site VII 7/3/77 KS3 8 6 2 
Table A-3 (cont'd) 
-------· 
Locality No. ::;pee imcn s '1Jentificatton 
-"·-·~---------
s 
Site 0 2/11/77 KS 12 11 1 
Site OA 2/11/77 KS 6 4 1 
Site Cl 9/11/77 KS 1 1 
Site C2 8/11/77 KS 9 9 
Site C3 2/11/77 KS 13 13 
Site C3 9/11/77 KS 13 13 
dam wall BS 1 l 
II 
" BS 1 1 
Site II 27/10/78 KSl 5 4 1 
dam wall KSl LOM 2 2 
" 
II KS2 1 l 
II It KS3 1 1 
II II KS4 l 1 
II 
" KS6 2 2 
II 
" KS6 LOM 2 2 
" 
II KS7 1 1 
Site III 29/10/78 KS1 3 2 1 
" 
If KS3 1 1 
II II KS3 LOM 2 2 
Site l1A 28/10/78 K,S.l 1 1 
II II KS2 1 1 
" " KS2 LOM 1 1 
Table A-IJ, 
Locality 
Traralgon Creek 60 
J:>l:lddle Creek S!+l 
Li.t tle Morwell R. S39 
Tyers R. on Yallourn Nth-
Tyers Rd S57 
East: ern Tanj i.1 R. at Tanj i1 
Junction S33 
Western Tyer.s H • on Xmas. 
Ck Rd. S52 
Middle Tyers R <!hove Tyers 
Junction 553 
Western Tanj H on Saxtons Rd. 
R21l 
Identification list for Sclerocyphon in samples from 
the Latrobe River and associated rivers and streams 
collected in 1979 as part of Latrobe River and 
Traralgon Creek Survey. 
Date No. Specimens I den r:.l.[ i.e at .ion 
5/5/79 Ql l 
Q2 i, .1 
Q4 1 
QS 1 
Q6 3 3 
Q8 
Q9 2 2 
QlO l. 
Q12 1 
Ql6 l 
Q18 1 
Q20 .t 
6/5/79 Q2L; 
7/5/79 QM1 1 
8/5/79 Q71 
Q79 :>upp.l. 1 
9/5/79 Q81 suppl. J 
Q83 ll 1 l 
Q84 1 
Q84 Hllppl. 1 
Q87 suppl, 1 1 
Q88 " 2 2. 
9/5/79 Q92 1 
Q92 sup pl. 3 3 
Q96 1 1 
Q97 ~ 2 ~ 
Q97 suppl. 4 lt-
10/5/79 Q101 suppl. 1 1 
Table A-4 (cont 'd) 
Date 
LaTrobe R. at Hawthorn Ck. Sl5 10/5/79 
LaTrobe R on Powelltown 11/5/79 
Noojee Rd. Sl 
Loch R, 14.5 km N of Noojee S6 11/5/79 
Toorongo R 1 km S of 
Toorongo Rd Sl2 
Eastern Tanjil R at Tanjil 
Junction S33 
L:ittl~! Morwell R S39 
LaTrobe R 9.8 km W of Noojee 
Tyers R at l~alhalla Rd Bridge 
12/5/79 
8/5/7.9 
6/5/79 
17/5/79 
Sample 
Qlll supp1. 1 
Qlll l 
Qll2 1 
IQlll• 1 
suppl. ., ·~.116 L. 
Qll7 
Q120 l 
Ql30 suppl. 1 
IQ137 l 
Gupp1. 5 
1 
supp1. 1 
139 suppl. 
suppl. 
145 suppl. 1 
2 
147 sup pl. 2 
148 1 
Sl6 1 
1 
* 1 S. bas collis 
,. 
,j. 
J dent: i. f ~.cat :ton 
1 
1 
1 
s 
1 
1 
1 
l 
2 
1 
I. 
l 
1. 
1 
APPENDIX B 
Tables of Mahalanobis distances compiled from the canonical 
variate analyses used to analyse differences in the shape 
of larval Sclerocyphon (as described in Chapter 5) • 
'rABLE B·-1 Maha1anobis distances for canonical variate 
-----
analysis on covariance-adjusted data set 
(pilot study) using six variables. 
1 0.00 
2 2.72 0.00 
3 3.75 2.43 0.00 
4 3.64 2.22 3.69 0.00 
5 2.80 2.47 3.51 3. 77 0.00 
6 4.53 2.56 2.99 3.15 4.92 
7 5.53 3.70 4.78 3. 00 5. 77 
8 3.29 2.01 3.93 1.06 3.56 
9 2.95 2.00 3.53 l. 75 3.26 
10 5.88 4.38 5.70 3.33 5. 72 
11 4.45 3.54 5.13 2.20 3.86 
12 3.94 2.54 4.38 1.42 3.46 
13 5.10 3.79 5.41 2.83 4.11 
14 4.19 3.55 5.61 2.79 3.58 
15 3.01 2.96 5.00 2.60 2.99 
1 2 3 4 5 
6 0. DO 
7 2.42 0.00 
8 3.05 2.79 0.00 
9 3.15 3.06 l. 31 0.00 
10 4.18 2.16 3.05 3.01 0.00 
11 4.94 4.08 2.22 2.39 3.07 
12 3.90 3.31 1.29 1.71 2.84 
13 4.93 3.90 2.59 3.01 2.93 
14 5.30 4.70 2.40 2.96 3.97 
15 5.02 4.96 2.29 2.61 4.64 
6 7 8 9 10 
11 0.00 
12 1.18 o.oo 
13 1.59 1.82 0.00 
14 1.64 l. 76 1.92 0.00 
15 2.31 2.06 3.17 1.55 0.00 
11 12 13 14 15 
TABLE B-2 Mahalanobis: distances for canonical variate 
analysis on total-length-adjusted data set 
(pilot study) using six variables. 
1 0.00 
2 3.70 o.oo 
3 3.82 1.84 0.00 
4 4.54 1.77 2.54 0.00 
5 2.66 1.86 3. 08 2.38 0.00 
6 5.34 2.26 2.08 3.07 4.05 
7 6.37 3.02 3.50 2.88 4.39 
8 4.35 1.46 2.76 0.98 1.97 
9 4.04 1.87 2.62 1. 73 2.12 
10 6.63 3.78 4.59 3.09 4.42 
11 5.29 3.41 4.44 2.15 2.96 
12 5.00 2.46 3. 71 1.55 2.45 
13 5.60 3.29 4.54 2.30 3.15 
14 5.32 3.61 5.08 2.90 2.84 
15 4.11 3.28 4.66 3.01 1. 92 
1 2 3 4 5 
6 0.00 
7 2.25 0.00 
8 2.98 2.64 0.00 
9 3.17 2.84 1.42 o.oo 
10 3.97 2.04 2.81 2.67 0.00 
11 4.90 3.88 2.12 2.32 2.81 
12 3.97 3.10 1.26 1.81 2.60 
13 4.50 3.28 l. 86 2.53 2.37 
14 5.3'7 4.51 2.48 3.17 3.74 
15 5.45 5.21 2.75 3.11 4.67 
6 7 8 9 10 
11 o.oo 
12 1.31 0.00 
13 1.35 1.44 0.00 
14 1. 75 1. 74 1.63 0.00 
15 2.44 2.33 2.92 1.77 0.00 
11 12 13 14 15 
TABLE B-3 Mahalanobis distances for canonical variates analysis on total data set (41 groups) using six variables (one size and five shape variables) 
1 0.00 
2 3.55 0.00 
3 3. 73 2.10 0.00 
4 4.67 2.28 3.51 0.00 
5 3.30 2.43 2.98 3. 73 o.oo 
6 5.03 2.46 3.08 3.20 4.77 0.00 
6.36 3.73 4.89 2.89 5.65 2.68 o.oo 
8 4.41 2.12 3.76 1.08 3.57 3.05 2.58 0.00 
9 3.90 2.18 3.40 1.94 3.23 3.29 3.06 1.52 0.00 
10 6.65 4.33 5.60 3.14 5.47 4.40 2.20 2.80 2.82 o.oo 
ll 4.07 2.56 2.99 3.57 1.15 4.67 5.23 3.47 2.92 4.83 o.oo 
12 3.18 4.00 4.11 5.54 2.52 6.18 7.63 5.45 5.23 7.75 3.57 o.oo 
13 3.45 1.34 3.04 ~L48 2.57 2.83 3.43 1. 75 1.68 3.76 2.64 4.40 o.oo 
14 2.89 1.53 2.68 2.38 2.91 2.69 3.52 1 .. 92 1.43 3.98 3.00 4.49 1.11 0.00 
15 2.69 2.25 3.11 3.06 2.67 3.63 4.17 2.55 1.52 4.14 2.68 4.35 1.55 1.10 o.oo 
16 1.31 3.21 3.31 4.16 3.41 4.28 5.48 3.83 3.21 5.84 3.88 4.07 2.90 ~Ll6 1.96 0.00 
17 2.75 2.,91 3.37 3.75 3.01 3.9!:) 4.61 3.22 2.30 4.61 3.02 4.62 2.12 1. 75 1.01 1.77 o.oo 
18 2.47 3.86 4.11 4.82 3.89 4.74 5.56 4.30 3.28 5.62 4.06 4.89 3.18 2.64 1.91 1.64 1.38 0.00 
19 4.31 2.92 3.10 3.95 1.42 4.95 5.53 3.88 3.27 5.10 0.45 3. 70 3.03 3.35 2.99 4.11 3.22 4.22 0.00 
20 6.52 4.62 5.66 3.84 5.98 4.13 2.17 3.39 3.01 1.64 5.40 8.13 3.95 3.90 4.02 5.54 4.33 5.07 5.64 0.00 
21 3.4!:) l.OO 2.26 1.91 2.95 2.17 3.14 1. 70 1.51 3.78 2.91 4.64 1.27 0.87 l. 79 2.85 2.44 3.41 3.26 3.87 o .. oo 
22 3. 77 2.16 3.67 1.93 3.88 2.70 2.80 1.32 1.50 3.37 3.93 5.41 1.74 1.36 2.12 3.15 2.84 3.58 4.33 3 .. 37 1.48 
23 5.82 4.18 5.70 3.59 5.55 4.12 2.56 2.87 2.66 2.17 5.22 7.42 3.37 3.43 3.57 5.08 4.09 4.68 5.55 1. 74 3.57 
24 5.84 4.33 5.85 3.13 5.11 4.99 3.28 2.57 2.51 1.83 4.74 7.14 3.53 3.67 3.63 5.22 4.18 5.00 5.07 2.52 3.80 
25 3.75 2.67 3.95 2.99 3.03 3.95 3.75 2.26 1.27 3.24 2.78 5.05 1.64 1.80 1.23 3.10 1.77 2.73 3.10 3.32 2.25 
26 5.57 5.17 6.33 4.31 6.00 5.42 4.12 3.74 3.18 3.33 5.76 7.73 4.26 3.94 3.72 4.78 3.!:)9 4.27 6.06 2;.76 4.38 
27 2.95 1. 72 1.!il4 2. 71 2.99 2.57 3.82 2.54 2.01 4.43 3.01 4.52 1. 78 0.99 1.56 2.07 1.82 2.70 3.27 4.27 1.10 
28 1.52 2.98 3.36 4.28 1.96 5.01 6.13 4.02 3.40 6.11 2.76 2.32 2.!ill 2.70 2.26 2.08 2.51 2.71 2.99 &.23 3.16 
29 3.06 4.&6 5.18 5.46 2.94 6.94 7.73 5.28 4.!il5 7.36 3.84 2.31 4.57 4.58 4.14 3.!:)6 4.3!:) 4.57 4.02 7.80 4.98 
30 4.04 4.86 3.88 6.05 5.18 4.93 7.73 5.28 4.95 7.36 5.16 5.98 4.74 4.09 3.83 3.16 3.24 2.63 5.15 6.19 4.44 
31 7.00 4.41 5.67 3.78 5.88 3.93 1. 79 3.34 3.32 1.42 5.24 8.08 3.91 4.1!:) 4.46 5.15 4.90 5.81 5.49 1. 53 3.93 
32 7.10 4.63 5.89 3.89 5.88 4.36 2.15 3.41 3.3!:) 1.13 5.20 8.17 4.01 4.35 4·.51 6.24 4.89 5.85 5.44 1.54 4.15 
33 1.95 2.62 3.17 4.13 1.86 4.47 5.64 3.70 3.27 5.80 2.61 2.75 2.30 2.35 2.03 1.98 2.02 2.52 2.85 5.88 2.84 
34 4.12 1. 73 2.93 1.26 3.57 2.30 2.4!:) 1.16 1.28 3.09 3.38 5.39 1. 76 1.42 2.23 3.41 2.89 3.89 3.74 3.28 0.93 
35 5.50 3.81 5.50 2.43 3.90 5.23 4.13 2.44 2.54 2.85 3.46 6.03 3.45 3.65 3.60 5.09 4.18 5.28 3.75 4.05 3.55 
36 5.04 2.81 4.34 1.58 3,51 4.17 3.30 1.41 1.88 2.57 3.18 5.59 2.53 2.85 3.07 4.63 3.80 4.92 3,56 3.56 2.63 
37 5.79 3.58 4.98 2. 71 3.77 4.98 3.88 2.46 2.88 2.81 3.28 6.08 3.18 3.73 3.77 5.2!:) 4.17 5.44 3.59 4.08 3.57 
38 5.53 3.91 5.52 2.99 3.82 5.54 4.60 2.65 3.18 3.57 3.6!:) 5.71 3.40 3.94 3.94 5.33 4.53 5.58 4.05 4.79 3.93 
39 4.31 3.36 4.98 2.92 3.30 5.27 4.96 2.62 2.82 4.31 3.52 4.65 3.03 3.2!:) 3.27 4.40 4.06 4 .. 81 3.94 5.14 3.43 
40 3.89 1.83 3.03 1.51 2.60 3. 77 4.17 1.90 2.2!:) 4.24 2.74 4.15 2.36 2.36 2.85 3.76 3.62 4.60 3.14 4.96 2.00 
41 3.39 2.94 2.70 3.57 1.82 5.08 6.01 3.89 3.53 5.88 2.15 2.92 3.50 3.32 3.24 3.54 3.64 4.40 2.29 6.40 3.22 
1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
TABLE B-3 {continued) 
22 o.oo 
23 2.59 0.00 
24 2.94 1.85 0.00 
25 2.20 2.79 2.65 0.00 
26 3.33 2.24 2.25 3.15 0.00 
27 2.15 4.16 4.39 2.46 4.55 o.oo 
28 3. 71 5.57 5.38 3.11 5.58 2.85 0.00 
29 5.28 6.97 6.31 4.59 6.75 4.86 2.25 o.oo 
30 5.18 6.43 6.99 4.78 6.26 3.43 4.41 6.45 o.oo 
31 3.63 2.18 2.87 3.66 3.95 4.60 6.50 8.00 6.88 o.oo 
32 3.84 2.30 2.64 3.60 3.84 4.76 6.56 7.96 7.03 0.67 0.00 
33 3.49 5.30 5.24 2.82 5.51 2.46 1.23 3.00 4.12 6.07 6.11 0.00 
34 1.21 3.08 3.19 2.35 3.90 l. 74 3:85 5.48 4.99 3.39 3.59 3.58 0.00 
35 3.41 3.82 2.32 2.91 4.05 4.12 4.70 5.24 7.01 4.04 3.80 4. 70 3.08 o.oo 
36 2.47 3.21 2.23 2.45 3.99 3.43 4.30 5.16 6.60 3.44 3.37 4.18 2.16 1.25 o.oo 
37 3.64 3.99 2.78 2.98 4.60 4.14 . 4.93 5.58 7.03 3.78 3.47 4.58 3.21 1.46 1.60 0*00 
38 3.64 4.10 2.74 3.18 4.59 4.60 4.68 4.88 7.62 4.54 4.31 4.55 3.64 1.62 1.67 1.63 0.00 
39 3.03 4.10 3.15 2.90 4.43 4.07 3.55 3.74 7.02 5.10 5.05 3.79 3.35 2.42 2.07 3.02 :.62 0.00 
40 2.46 4.46 3.92 3.04 5.06 2.67 3.24 4.20 5.95 4.83 4.93 3.32 2.03 2.71 1.97 3.04 2.93 2.32 o.oo 
41 4.17 6.14 5.54 3.85 6.29 3.12 2.45 3.18 5.29 6.47 6.50 2.89 3.66 3.96 3.60 4.29 4.37 3.68 2.37 o.oo 
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
TABLE B-4 ~'!ahalanobis distances for cancr:ical variates analysis performed on total data set (41 groups) using fi .. :"e variables (the five shape variables) 
1 
2. 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
o.oo 
3.54 
3.45 
4~61 
2.64 
4.95 
6 .. 07 
4.29 
3 .. 65 
6.50 
3.42 
2.09 
3.45 
2.65 
2.68 
1.28 
2, 74 
2.46 
3.43 
6.19 
3.48 
3.41 
5.23 
5.52 
3. 74 
4.69 
2.95 
1.18 
2.67 
3.96 
6.63 
6.97 
1~68 
4.04 
5.50 
5.02 
5.78 
5.53 
4.27 
3.69 
2. 77 
l 
0.00 
l. 79 
2.03 
1. 75 
2.14 
2.97 
1.68 
1.99 
3.98 
1.72 
3.42 
1.27 
1.30 
2.21 
3.15 
2.90 
3.82 
1.81 
3.98 
0.81 
0.98 
3e05 
3. 72 
2 .. 60 
3.99 
1.69 
2.90 
4.50 
4.84 
4 .. 01 
4.32 
2.53 
1.33 
3.78 
2.71 
3.68 
3.87 
3.23 
1.82 
2.44 
2 
0 .. 00 
2.77 
2.92 
2.02 
3.60 
2.90 
2.76 
4.85 
2.88 
3.99 
2.62 
1.88 
2.72 
2.86 
3.12 
3.76 
2.86 
4.49 
1.51 
2.09 
4.10 
4.81 
3.56 
4.55 
1.35 
3.33 
5.18 
3.83 
4.85 
5.21 
3.14 
1.93 
4.77 
3.94 
4.87 
5.28 
4.57 
2. 76 
2.64 
0~00 
2.53 
3.19 
2.65 
1~05 
1.93 
3.07 
2.02 
4~56 
2.40 
2.37 
3.00 
4.13 
3.65 
4.80 
2.08 
3.62 
1.85 
1.72 
3.10 
2 .. 91 
2.95 
3.68 
2 .. 60 
3.32 
4.97 
5.86 
3.70 
3.84 
3.75 
1.26 
2.35 
1.55 
2.46 
2.94 
2.91 
1.21 
2.34 
4 
0.00 
3.78 
4.08 
1~96 
1.94 
4.29 
1~14 
2.49 
1.45 
1.49 
1.63 
2.55 
2.37 
3.17 
1.29 
4 .. 42 
1.89 
1.41 
3.17 
3.29 
1.98 
3.35 
2.23 
1.66 
2.90 
5.04 
4. 72 
4.83 
1.57 
2.22 
3.27 
2.54 
3.41 
3.11 
2.05 
1.83 
1.82 
5 
0.00 
2.49 
3.05 
3.27 
4.37 
3.48 
5.22 
2. 72 
2.65 
3.54 
4.23 
3.85 
4.69 
3.47 
3.97 
2.07 
2.61 
3.78 
4.89 
3.91 
5.01 
2.40 
4.65 
6.50 
4.62 
3.89 
4.34 
4.04 
2.30 
5.17 
4.14 
4.81 
5.50 
5.26 
3.61 
4.20 
6 
o.oo 
2~42 
2. 77 
2.14 
3.24 
6.31 
2.93 
3.23 
3.77 
5.23 
4.13 
5.31 
3.21 
2.17 
2.68 
2.78 
2.47 
3.28 
3.39 
3.9il 
3 .. 30 
5.42 
6.94 
5.83 
l. 75 
2.08 
4.84 
2.23 
3~73 
2.95 
3.14 
4.28 
4.78 
3.62 
4.61 
7 
o.oo 
1~47 
2. 77 
1.37 
4.28 
1.53 
1.85 
2.40 
3.76 
3.02 
4.23 
1.46 
3.22 
1 .. 55 
1.17 
2.40 
2.40 
2.16 
3.16 
2.33 
3.51 
4.65 
5.56 
3.30 
3.39 
3.12 
1.15 
2.29 
1.29 
2.04 
2.53 
2.58 
1.52 
2.55 
8 
0.00 
2.70 
0.87 
4.29 
1.62 
1.42 
1.45 
3.19 
2.18 
3.26 
0.70 
2.63 
1.48 
1 .. 09 
1 .. 79 
2.13 
1.24 
2.09 
1.92 
3.03 
4.48 
4.68 
3.19 
3.30 
2.87 
1.26 
2.49 
1.87 
2.71 
3.16 
2.82 
2~17 
2.45 
9 
o.oo 
3.23 
6.76 
3.54 
3.87 
3.94 
5.73 
4.34 
5.50 
3.16 
1.51 
3.61 
3.36 
1.83 
1. 76 
3.05 
2.93 
4.20 
5.64 
6.76 
6.61 
1.42 
1.13 
5.28 
3.03 
2.55 
2.37 
2.18 
3.37 
4.24 
3.95 
4.83 
10 
0.00 
3.57 
1.24 
1.31 
1.35 
2.99 
2.21 
3.23 
0.21 
3.34 
1.53 
0.92 
2.15 
2.34 
1.21 
2.50 
2.06 
2.46 
3.78 
4.96 
3.70 
3.80 
2.32 
1.58 
2.56 
1.81 
2.73 
2.79 
2.16 
1.82 
2.14 
11 
o.oo 
3.60 
3.43 
3.55 
3.08 
4.03 
4.11 
3.69 
6.81 
3.80 
3.63 
5.53 
5.69 
4.27 
5.55 
3.64 
1.63 
2.13 
5.75 
7.07 
7.25 
2.37 
4.34 
5.48 
4.83 
5.74 
5.07 
3.57 
3.49 
2.88 
12 
o.oo 
1.04 
1.55 
2.89 
2.10 
3.18 
1.30 
3.45 
1.26 
0.91 
2.34 
3.05 
1.63 
3.16 
l. 77 
2.69 
4.26 
4.65 
3.65 
3.82 
2.01 
1.63 
3.45 
2.51 
3.14 
3.39 
3.00. 
2.35 
2.81 
13 
0.00 
1.!13 
2.15 
1.63 
2.63 
1.27 
3.58 
0.84 
o. 77 
2.75 
3.39 
1. 78 
3.05 
0.85 
2.26 
4.11 
3.86 
4.07 
4.26 
1.81 
1.39 
3.63 
2.85 
3.63 
3.93 
3.29 
2.27 
2.24 
0.00 
1.96 
0.97 
1.90 
1.22 
3.53 
1. 78 
1.49 
2.60 
3.15 
1.22 
2.36 
1 .. 55 
1.98 
3.80 
3.72 
4.23 
4.34 
1. 70 
2.13 
3.60 
3.06 
3.73 
3.94 
3.24 
2.84 
2.50 
15 
o.oo 
1. 73 
1.64 
2.95 
5.24 
2.85 
2.84 
4.53 
4.95 
3~10 
3.93 
2.05 
1.68 
3.54 
2.99 
6.02 
6.14 
1.52 
3.37 
5.08 
4.62 
5.25 
5.33 
4.39 
3. 74 
2. 77 
16 
0.00 
1.32 
2.06 
3.73 
:?.40 
2.23 
3.07 
3.64 
1.71 
2.47 
1.82 
2.37 
4.17 
3.17 
4.61 
4.65 
1.83 
2. 74 
4.16 
3. 76 
4.17 
4.51 
3.99 
3.62 
3 .. 16 
17 
o.oo 
3.11 
4.74 
3.41 
3.31 
4.08 
4. 71 
2.73 
3.27 
2.69 
2.42 
4.22 
2.64 
5.67 
5.75 
2.20 
3.86 
5.28 
4.91 
5.40 
5.58 
4.48 
4.59 
3.81 
18 
0.00 
3.19 
1.53 
0.96 
2.05 
2.29 
1.08 
2.32 
2.00 
2.50 
3.87 
4.82 
3.62 
3.73 
2.36 
1.56 
2.58 
1.88 
2. 77 
2.91 
2.31 
1.96 
2.20 
19 
0.00 
3.45 
3.34 
1.67 
2.52 
2.82 
2.60 
3. 75 • 
5.46 
6.95 
5.51 
1.43 
1.38 
5.03 
3.03 
3.57 
3.28 
3.29 
4.43 
4.93 
4.45 
5.00 
20 
o.oo 
0.64 
2.75 
3.42 
2.25 
3.44 
1.06 
2.91 
4.65 
4 .. 31 
3.73 
4.01 
2.54 
0. 77 
3.55 
2.62 
3.51 
3.93 
3.42 
1 .. 96 
2.33 
21 
TABLE B-4 {continued) 
22 0.00 
23 2.42 c.oo 
24 2.92 1~74 0.00 
25 l. 76 1.64 2~10 0.00 
26 3.04 2.19 1.97 1~ 55 ()~00 
27 1.39 3.27 3.95 2.44 3.42 0.00 
28 2.67 4.32 4.54 2.85 3~93 2.68 0~00 
29 4.25 5.66 5.29 4.22 5.03 4.62 2.18 0.00 
30 4.59 5.50 6.44 4.65 s.oo 3.34 4.40 6.40 0.00 
31 3.63 1.91 2.84 3.45 .67 4.34 6.01 7.40 6.49 0.00 
32 3.83 1.90 2.58 3.45 3.47 4.56 6.14 7.42 6.69 0.65 0.00 
33 2.32 3.94 4.35 2.51 3.SO 2.26 1.23 2.95 4.12 5.53 5.64 0.00 
34 0.68 2.53 2.99 2.30 3.22 1.54 3.42 4.97 4. 74 3.31 3.55 3.11 0.00 
35 3.07 2.95 1.49 2.91 2.86 4.12 4.58 4.98 6.95 3,80 3.60 4.57 3.01 0.00 
36 2.16 2.39 1.65 2.45 3 ~05 3.40 4.07 4.79 6.49 3.26 3.24 3.94 2.13 1.39 a.oo 
37 3.05 2.70 1.56 2.90 3.14 4.13 4.90 5.46 7.02 3.27 3.00 4.54 2.99 !.66 1.39 o.oo 
38 3.36 3.36 2.14 3.18 3.66 4.60 4.53 4.56 7.56 4e35 4.16 4.39 3.59 1.62 1.66 1~51 o.oo 
39 2.85 3.59 2.85 2.86 3~72 4.02 3.20 3.10 6.89 5.01 4.97 3.44 3.54 2.36 2.07 2.87 1.78 0.00 
40 1.71 3.55 3.36 3.00 3.97 2.67 3.14 3*97 5.91 4.54 4.70 3.21 1.79 2.69 1.89 3.03 2-91 2.20 0.00 
41 2.16 4.17 3.96 3.12 3.89 2.45 2.24 3~14 5.15 5.46 5.60 2. 72 2.42 3.39 2.97 4 .. 00 3.80 2.67 1.54 0.00 
22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
TABLE B-5 Mahalanobis Cista~ces for canonical variates a_nalysis perfonned on S ~ secretus data set (34 groups) using six variables {one size and 
five shape variables) 
l 0.00 
2 3.57 o.oo 
3 3.90 2.16 0.00 
4 4.57 2.28 3.58 0.00 
5 3.39 2.49 2.98 3.75 o.oo 
6 5.09 2.50 3.21 3.24 4.87 0.00 
6.29 3.74 5.02 2.94 5.75 2.69 0.00 
8 4.31 2.18 3.90 1.09 3.68 3.11 2.60 0.00 
9 3.81 2.26 3.60 1.92 3.35 3.39 3.10 1.49 o.oo 
10 6.51 4.33 5.70 3.13 5.54 4.42 2.22 2.75 2.78 o.oo 
11 4.14 2.63 2.98 3.64 1.13 4.79 5.39 3.62 3.12 4.97 0.00 
12 3.33 4.01 4.08 5.51 2.4B 6.24 7.67 5.49 5.26 7.74 3.50 0.00 
13 3.41 1.39 3.16 2.43 2.71 2.87 3.41 1. 73 1.67 3.70 2.80 4.46 0.00 
14 2.86 1.61 2.90 2.33 3.04 2.76 3.49 1.86 1.41 3.89 3.17 4.57 1.09 0.00 
15 2.63 2.32 3.33 3.00 2.82 3.71 4.16 2.49 1.48 4.05 2.88 4.43 1.55 1.10 0.00 
16 1.30 3.23 3.53 4.06 3.51 4.34 5.42 3.74 3.13 5.71 3.98 4.18 2.86 2.13 1.92 o.oo 
17 2.71 2.94 3.54 3.68 3.12 4.06 4.59 3.16 2.25 4.51 3,16 4,68 2.11 1.74 1.00 1.74 0.00 
18 2.45 3.91 4.35 4.74 4.03 4.81 5.50 4.21 3.21 5.48 4.22 5.02 3.16 2.62 1.88 1.63 1.39 0.00 
19 4.42 3.02 3.10 4.04 1.42 5.09 5.72 4.06 3.50 5.27 0.48 3.62 3.21 3.55 3.22 4.25 3.41 4.44 o.oo 
20 6.43 4.70 5.88 3.89 6.13 4.21 2.21 3.38 3.04 1.64 5.63 8.19 3.95 3.89 4.01 5.46 4.31 4.98 5.91 o.oo 
21 3.47 1.02 2.41 1.88 3.03 2.22 3.14 l. 70 1.56 3.75 3.02 4.67 1.25 0.90 1.81 2.83 2.44 3.41 3.40 3.92 0.00 
22 3.74 2.34 3.97 1.99 4.09 2.85 2.79 l. 34 1.52 3.29 4.18 5.55 1.81 1.40 2.13 3.12 2.85 3.52 4.61 3.31 1.62 
23 5.82 4.43 6.06 3.77 5.85 4.33 2.69 3.00 2.81 2.25 5.60 7.62 3.53 3.54 3.66 5.09 4.18 4.66 5.97 1. 76 3.76 
24 5.75 4.51 6.12 3.27 5.34 5.15 3.40 2.66 2.58 1.91 5.05 7.26 3.62 3. 71 3.64 5.15 4.18 4.90 5.42 2.54 3.92 
25 3.68 2.77 4.15 2.96 3.21 4.05 :L76 2.23 1.26 3.17 3.03 5.13 1.67 l. 79 1.21 3.03 1. 75 2.66 3.39 3.3;1 2.29 
26 5.64 5.52 6.82 4.58 6.41 5. 75 4.35 3.96 3.45 3.49 6.24 8.03 4.53 4.18 3.94 4.90 4.21 4.34 6.58 2.90 4.69 
27 2.95 1.71 2.09 2.65 3.03 2.62 3.81 2.51 2.03 4.38 3.08 4.53 1. 75 1.04 1.61 2.09 1.84 2.75 3.37 4.32 1.09 
28 1.54 3.00 3.47 4.20 2.02 5.08 6.12 3.97 3.37 6.03 2.80 2.40 2.91 2. 71 2.26 2.10 2.51 2,75 3.07 6.23 3.16 
29 3.09 4. 72 5.28 5.43 3.01 7.04 7.77 5.29 4.94 7.31 3.89 2.44 4.63 4.62 4.16 3.99 4.40 4.60 4.09 7.82 5.01 
30 4.02 4.75 3.88 5.91 5.11 4.87 6.31 5. 71 4.80 6.83 5.10 5.92 4.63 4.02 3.79 3.16 3.20 2.91 5.12 6.15 4.34 
31 6.90 4.42 5.77 3.78 5.96 3.92 1.77 3.31 3.31 1.45 5.39 8.09 3.86 4.13 4.41 6.05 4.84 5.71 5.68 1.56 3.91 
32 6.98 4.62 5.98 3.88 5.95 4.34 2.14 3.37 3.36 1.14 5.34 8.16 3.95 4.27 4.45 6.12 4.81 5.73 5.61 1.56 4.11 
33 1.98 2.60 3.22 4.04 1.91 4.50 5.62 3.65 3.23 5.71 2.64 2.80 2.29 2.35 2.04 2.00 2.02 2.58 2.91 5.87 2.80 
34 4.06 1. 76 3.08 1.25 3.64 2.37 2.51 1.15 1.30 3.05 3.51 5.40 1.72 1.39 2.21 3.35 2.85 3.85 3.89 3.32 0.92 
1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
TABLE B-5 (continued} 
22 0.,00 
23 2.63 0.00 
24 2.93 1.88 o.oo 
25 2.20 2 .. 30 2.67 0.00 
26 3.48 2 .. 30 2.29 3.37 OwOO 
27 2.25 4.33 4.48 2.49 4.87 0 
29 3.76 5.67 5.39 3~11 5.78 2.85 O~OQ 
29 5 .. 35 7 .. 08 6.33 4.61 6 ~ 91 4.89 2.27 0 .. 00 
30 5.14 6.49 6.96 4. 72 6.46 3. 35 4.36 €.41 0 .. 00 
31 3.58 2.29 2.96 3 .. 64 4.14 4.56 6.46 6-.00 6. 77 o .. oo 
32 3. 77 2.39 2.72 3.56 4.01 4~71 6.50 7,93 6.90 0.67 0.00 
33 3.54 5.42 5.27 2.83 5. 74 2.43 1.23 3~05 4 ... 04 6.02 6.04 0.00 
34 1.30 3.25 3.30 2.35 4.19 1. 72 3~82 5.49 4.89 3~37 3.55 3. 53 0.00 
22 23 24 25 26 27 28 29 30 31 ~~ 
-" 
33 34 
TABLE B-6 Mahalanobis dista!1ces for canonical variates analysis performed on S. secretus data set (34 groups) using five variables (the five shape 
variables) ~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
o.oo 
3.54 
3.49 
4.53 
2.58 
5.03 
6.02 
4.21 
3.77 
6.36 
3.34 
2.06 
3.41 
2.82 
2.63 
l. 27 
2.70 
2.42 
3.35 
6.07 
3.47 
3.36 
5.13 
5.38 
3.66 
4.59 
2.95 
1.16 
2.67 
3.92 
6. 73 
6.85 
1.66 
4.00 
1 
o.oo 
1. 76 0. 00 
2.00 2.72 
!.81 2.94 
2.19 2.05 
2.94 
1.66 
2.00 
3.90 
1.77 
3.41 
1.27 
1.30 
2.24 
3.14 
2.92 
3.82 
1.85 
3.91 
0.80 
0.99 
3.02 
3~72 
2.64 
4.03 
1.67 
2.95 
4.60 
4.73 
3.93 
4.24 
2.54 
1.31 
2 
3.53 
2.85 
2.76 
4.76 
2.90 
3.99 
2.60 
1.89 
2.76 
2.90 
3.16 
3.81 
2.88 
4.42 
1.49 
2.08 
4507 
4.79 
3.59 
4.60 
1.36 
3.39 
5.28 
3. 78 
4.76 
5.11 
3.15 
1.90 
3 
0.00 
2 .. :31 0.00 
3.24 3.89 0.00 
2.67 
1.04 
1.92 
3.03 
2.02 
4.48 
2.37 
2.33 
2.97 
4.05 
3 .. 61 
4.74 
2.08 
3.57 
1.82 
1.69 
3.09 
2.92 
2.95 
3.70 
2.54 
3.88 
4.99 
5. 72 
3.67 
3.80 
3.69 
1.25 
4 
4.10 
1.95 
1.89 
4.21 
l~ll 
2.44 
1.48 
1.49 
1.60 
2 .. 50 
2.34 
:Lll 
1.25 
4.34 
1~91 
1.42 
3.12 
3.22 
1.95 
3.31 
2.23 
1.64 
2.94 
4.94 
4.66 
4.76 
1.54 
2.22 
5 
2.45 
3.10 
3.38 
4.36 
3.60 
5.27 
2.79 
2.75 
3.66 
4.31 
3.96 
4.80 
3.59 
3.97 
2.14 
2.70 
3.63 
4.98 
4.03 
5.15 
2.47 
4. 77 
6.67 
4.59 
3.84 
4.30 
4.12 
2.37 
6 
o.oo 
2.44 
2.83 
2.18 
3.29 
6.26 
2.91 
3.21 
3.80 
5.18 
4.14 
5.29 
3.26 
2.19 
2.66 
2.79 
2.53 
3.39 
3.46 
4.10 
3.26 
5.42 
6.99 
5.70 
1. 74 
2.08 
4.81 
2.23 
0.00 
1.45 
2.71 
1.37 
4.21 
l. 51 
1.80 
2.36 
3.68 
2.97 
4.17 
1.46 
3.16 
1.51 
1.14 
2.37 
2.41 
2.16 
3.18 
2.27 
3.47 
4.68 
5.42 
3.26 
3.34 
3.06 
1.12 
B 
0#00 
2.65 
0.85 
4.20 
1.60 
1.40 
1.41 
3.12 
2.14 
3.20 
0.69 
2.60 
1.50 
1.08 
1.77 
2.10 
1.24 
2 .. 12 
1.90 
2.97 
4.47 
4.58 
3.17 
3.27 
2.79 
1.29 
9 
0.00 
3.16 
6.62 
3.45 
3.78 
3.85 
5.59 
4.24 
5.38 
3.09 
1.47 
3.54 
3.29 
1.80 
l. 79 
3.00 
2.94 
4.10 
5.53 
6.70 
6.44 
1.44 
1.14 
5.15 
2.97 
10 
0.00 
3.49 
1.25 
1.31 
1.32 
2.92 
2.17 
3.17 
0.21 
3.29 
1.57 
0.95 
2.12 
2.30 
1.21 
2.49 
2.06 
2.42 
3.78 
4.85 
3.67 
3. 76 
2.26 
1.61 
11 
0.00 
3.57 
3.39 
3.49 
3.04 
3.98 
4.05 
3.61 
6.69 
3.77 
3.58 
5.42 
5.57 
4.20 
5.45 
3.81 
1.80 
2.19 
5.67 
6.96 
7.13 
2.35 
4.29 
12 
0.00 
1.02 
1.55 
2.85 
2.09 
3.15 
1.31 
3.37 
1.24 
0.90 
2.29 
3.03 
1.65 
3.18 
l. 74 
2.70 
4.34 
4.53 
3.58 
3.74 
1.99 
1.61 
l3 
0.00 
LOS 
2.12 
1.64 
2.62 
1.27 
3.51 
0.84 
0.75 
2.70 
3.34 
l. 79 
3.07 
0.85 
2.28 
4.17 
3.79 
3.99 
4.17 
1. 79 
1 .. 37 
14 
o.oo 
1.91 
0.96 
1.87 
1.20 
3.47 
1.81 
1.50 
2.55 
3.08 
1.19 
2.34 
1.58 
1.96 
3.81 
3.65 
4.19 
4 
2.14 
15 
0.00 
l. 70 
1.62 
2.88 
5.14 
2.83 
2.80 
4.44 
4.83 
3.03 
3.85 
2.05 
1.67 
3.56 
2.95 
5.92 
6.02 
1.49 
3.32 
16 
0.00 
1.30 
2.05 
3.66 
2.42 
2.22 
3.01 
3.55 
1.68 
2.44 
1.84 
2.86 
4.17 
3.11 
4.55 
4.57 
1.60 
2.73 
17 
0.00 
3.05 
4.65 
3.41 
3.28 
4.00 
4.59 
2.66 
3.20 
2. 7l 
2.39 
4.19 
2 .64. 
5.60 
5.65 
2.15 
3.83 
18 
0.00 
3.15 
1.57 
0.98 
2.03 
2.25 
1.08 
2.32 
2.00 
2.45 
3.87 
4.72 
3.61 
3.69 
2.29 
1.59 
19 
o.oo 
3.38 
3.27 
1.65 
2.53 
2.80 
2.65 
3.67 
5.38 
6.90 
5.37 
1.43 
1.35 
4.92 
2.99 
20 
0.00 
0.64 
2.72 
3.42 
2.28 
3.49 
1.05 
2.94 
4.72 
4.21 
3.66 
3.93 
2.52 
0.75 
21 
Tlt.BLE B-6 (continued) 
22 o.oo 
23 2.38 0.00 
24 2.90 1. 75 o.oo 
25 1.78 1.62 2.05 0.00 
26 3.07 2.24 1.94 1.64 0.00 
27 1.37 3.22 3.90 2~44 3.44 0.00 
28 2.67 4.25 4.43 2.80 3.86 2. 71 0.00 
29 ~.30 5.63 5.21 4.20 4.95 4.69 2.20 0.00 
30 4.48 5.37 6.30 4.56 4.93 3.26 4.36 6.38 o.oo 
31 3.57 1.92 2.91 3.45 3.74 4.25 5.94 7.39 6.33 o.oo 
32 3~76 l.94 2.63 3.42 3.52 4.47 6.05 7.38 6.52 0.65 0.00 
3Jt 2.28 3.85 4.24 2.45 3.73 2.24 1~23 3.01 4.03 5.43 5.53 0.00 
34 0.88 2.51 3.00 2.33 3.28 1.50 3.42 5.02 4.63 3.26 3.49 3.07 0 .. 00 
22 23 24 25 26 27 28 29 30 31 32 33 34 
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